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ON THE AUTHOKSHIP OF THE ANONYMOUS PiUl- 
PHLET PUBLISHED IN LONDON IN 1760 ENTITLED 
“THE INTEREST OF GREAT BRITAIN CONSIDERED 
WITH REGARD TO HER COLONIES AND THE AC¬ 
QUISITION OF CANADA AND GUADALOUPE/’ 

By 1 . MINIS HAYS. 

[Read April ^4, 

The Seven Years' War—the confiict maintained by Frederick the 
Great of Prussia against Austria, Russia and France—began m 175^! 
Fjigland allied herself with Prussia and undertook to curb the power 
of France in America and especially in Canada, where her arms 
met with marked success. In July, 1758, Louisbuig, with its strong 
fortress commanding the month of the St. Lawrence, was captured 
by General Amherst; in September of the following year Quebec 
fell to Gen. Wolfe and the War In this country was ended in Septem¬ 
ber, 1760. by the surrender at Montreal of the French Anny in 
Canada- 

In England the terms of tlie coming peace had been actively dis¬ 
cussed for some time previous thereto. Two anonymous pamphlets 
on this subject, which appeared in the beginning of i 7 ^> attracted 
marked attention. The first was entitled “ A Letter Addressed to 
Two Great Men on the Prospect of Peace; and on the Terms Nec«- 
sary to be Insisted Upon in the Ncgotiatioii" (London, 1760), which 
is supposed to have been inspired by William Piiltenev, Earl of Bath, 
and to liave been written by John Douglas, afterward Bishop of Salis¬ 
bury j and the two great men to whom it was addressed were William 
Pitt, Earl of Chatham, and the Duke of Newcastk. both influential 
membcTS of the Covemment, Among other points it strongly urged 
were the acquisition by Great Britain of Canada rather than territory' 

in the West Indies. ^ 

This pamphlet was promptly answered by another entitled Re- 

markii an tlie Letter Addressed to Two Great Men " {Umdon, 
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which ran through three editiofis m Great Britain^ and repriftted 
in Boston in the same year* In it opposite views were urged and the 
retention oi Guadaloupe, captured by tlte English in 1759^ was 
strongly advocated^ and it W'as claimed that its sugar trade was more 
important to Great Britain than was the fur trade of Canada. It W'as 
probably written by Wtlliaui Burke, Uie supposed author of the 
** Letters of Junius,” but it has also been ascrihed to Bt. Hou* Charles 
Towushend. 

These annn>Tiious pamphlets were promptly followed by another, 
entitled “ The Interest ol Great Britain Considered with Regard to 
Her Colonies and the Acquisition of Canada and Guadaloupe ” (Lott'- 
don^ 1760), vrhich immediately attracted marked attention and was 
reprinted in the same year in Dublin, in Philadelphia and in Boston 
in two editions^ and a second edition was issued in the following year 
in London, so great and widespread was the interest it exdted. It 
stimnEirized the arguments of hotii the preceding pamphlets and 
strongly supported the vicvva advanced by Douglas. The authorship 
of this pamphlet has been attributed by some bihliogtaphers to Frank¬ 
lin and by others to Richard Jackson. 

The American colonies were becoming alarmed by the proposals 
concerning the restoration to France of Canada and the Island of 
Giiadaloupe and they felt that the outcome was of vital interest to 
them. There w-as no abler advocate for the retention of Canada than 
Dr. Franklin, who was then in London, w^hither he liad been tent in 
1757 by the Assembly of Pennsylvania to secure its right to tax the 
estates of the Proprietaries in common with the other lands in the 
Colony^ in tliis. Ills first diplomatic mission, he had been eminently 
successful and thereby acquired considerable prestige. He remained 
abroad until 1762 and in aU matters relating to the American Colonies 
his opinion was eagerly sought. 

That he was deeply interested in the terms of the coming Treaty 
and wras endeavoring to influence British opinion in relation thereto 
is shown by his letter to John Hughes, of Pennsylvania* under date 
of London, January^ 7, 1760, in which he says* 

" There lias been for some time a Talk of Peace» and probably 
WT! should have had one this winter, if the King of pJir5sia''s late 
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Misfortunes had not given the Enemy fresh Spirits, and encourag'd 
them to try their Luck another Campa^ and exert all their remainiog 
stretch that if possible they might treat with Hanover tn their 
Hands. If this should be the Case, possibly most of our Advantages 
may he given up again at the Treaty, and some among our peat Men 
begin already to prepare the Minds of People for this, by discou«itig, 
that to ktsep Canada would draw on U5 the Envy of other Powers, 
and occasbn a Confederacy against us; that the Country b too large 
for us to people, not worth jjossessing, and the like. These Notions 
I am every day and every where comhating, and 1 think not without 
soRie Success. The Event God only knovi'S. Ihe Argument that 
seems to have a principal Weight is, that in Case of another War, if 
we keep Possession of Canada, the Nation will ^ve two or three 
Millions a Year, now spent in Defending the American Colonies, and 
be 50 much the stronger in Europe, by the Addition of the Tro^ 
now employ'd on that side of the Water. To this I add, that fbe 
Colonies would thrive and increase in a mticli greater Degree^ and a 
vast additional Demand arise for British Manufacturers, to supply 
so great an Extent of Indian Country, etc., with many other Topics, 
which I urge oceasionallv, according to the Company I happen 
or the Person I address,”' CF^ntdin Mss. in American Philosophical 
Society, XLV,, 19**)- 

Richard Jackson, to whom tlie authorship of this last pampWet 
has also been and is sttU not infrequently attributed, was an English 
lawyer interested iu politics and from his odraordinaty stores of 
knowledge wiis commonly known as " Omniscient Jackson." At tlie 
i-inrti> of its appearance he was Agent in London for the Colony of 
Pennsylvania and Franklin rated him as one of the best authorities 
“ for everything related to America” (Smyth, for, rfL, V., 67), So 
learned an authority as Hildehum says in his 1 ssues of the Pennsj 1 
vaiiia Press " (Philadelphia, i8«5, L, 350 ) that this pamphlet was 
■‘commonly attributed to Franklin when first published, but is now 
known to have been written at his instance by Richard Jackson,” but 


he does not give his proof for tliis statement. Sabin (*' Dictionary 
of Books Relating to America,” New York, i& 77 ' I^p ^d 

Cushing (“ Anonyms,'' Cambridge, 1890) follow him. On the other 
hand, Evans (“ American Bihliography ” Chicago, 1905, HI., 254), 
Halkett and l^ng (*' DictionJiry of Anonymous and Pseudonymou-s 
Literature of Great Britain,” Edinbtirgh, ifiSj. 11 ., i2+i) and ^ch 
(” Bibliotheca Americana Nova,” Ijmdon, 1835, 1 ., 133) ascribe it to 
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Dr. Franklin, In tlie Catalogue of ooc of cmr krgciSt historieal li¬ 
braries the isTitcr has found the author-entry for this pamphlet under 
Jackson and no reference wliatsoever to it under Franklin, 

After diligent search and with every desire to do justice to Richard 
Jackson^ the Facts upon which Hildeburn tesed his condusion have 
not been found—Indeed, the available data regarding Jackson are 
very meagre, " The Entyclopedia Britannica ” does not mention him, 
and the'' Dictionary of National Biography ” (London, 1892;, XXIX.* 
IQ4) accords to him less than a half page and makes no reference to 
his having been in any w^y connected with the authorship of ** The 
Interest of Great Britain Considered.” 

Cotitetnporarv' writers wdth considerable unaninntv' ascribed the 
authorship to Dr* Frauldiru Chief Justice Edward Sluppen in a let* 
terj qnoted by Hildebum, dated October 2, 1760, says: “ 1 have seen 
B. Franklin's Pamphlet, and Lhiiik it the best book that lias been pub¬ 
lished in England concerning ^American Affairs. He appears to have 
thoroughly understood his subject and lias done justice to the cause 
he espouses. Certainly we should be dupes to give up Canada (be. 
dLj I., 350)-^ Ib a letter to Lord Kames, under date of London, 
May 3, lydOj Dr. Franklin says: "1 have endeavoured to comply 
with your request in WTiting something on the present situation of 
our affairs in America^ in order to give more correct notions of the 
British interest with regard to the colonies, tliau those I found many 
sensible men possessed of . Indos^^d you have the productiout such as 
it is. I wish it may 10 any degree be of sendee to the public. I shall 
at [east hope this from it, for my owti part, that you will consider it 
as a letter from me to you^ and take its length as some ejccuse for its 
being so long a-coming” Memoirs of Hou- Henry Home of 
Karnes/" Edinburgh, 1807, I., 26S, consult also Franklin's letter to 
Lord Karnes, of Jan. 3, ry^O, Smyth, lot. cii., 4). The en¬ 
closure was dearly a printed copy of the pamphlet in question. 

Dr, Franklin evidently sent copies of this pamphlet to some of 
his friends, Wniiain Thomson, in a letter to him from Worcester, 
England, under date of November jS, 1760, says: I take this Op¬ 
portunity to return you my sincere thanks not only for the pleasure 
of your Com|3any afforded me during your short stay in Wortester, 
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but also for lie Entertainment I am confident I owe to you after 
j'Dur Departure—T/ic Interest cf Great Britmi veith Respect to Her 
Colonies gave me a more distinct view than I ever had before of our 
Cunnexiems w* our fellow' Subjects in distant parts of the Globe* 
(Franklin Papers in *^ier. Philos, Soc-, I., 6o), The conclusion to 
be drawn from this note is that, in evidence of appreciation of his 
hospitality. Dr. Franklin sent to Mr. I’homsoa a copy of his pamphlet, 
and had it not been written by him he, at the dme, certainly would 
have disclaimed its authorship which under tlie circumstances Thom¬ 
son would be sure to attribute to him* 

Benjamin Vaughan, who was an iulunate friend of Fmnkliii and 
in f retj^uent cortespondence with him, in his ed.ition of Franklin a 
“ Political, Miscellaneous and Philosophical Pieces " (London, 1779 ) 
included this iuntphict, and in an ** Addenda stated that Dr. 
Franklin has often been heard to say tliat in writing this pamphlet 
he received considerable assistance from a learned friend who was 
not willing to he named,’’ Franklin, under date of Passy, Novem¬ 
ber 9, 1779 ( Smyth, toe. Cft-, VIL, 4^)1 thauketl \ aughan for tbe 
great Care and Pains” he had taken in preparing this edition of his 
writings and says that he has noted some Faults of Impression that 
hurt the Sense, and some other Httle Matters which ,vou will find all in 
a Sheet under the tide of Errata" but he in no way disclaimed the 
authorship of this pamphlet which liad been set down to him. In 
the Italian translation of Vaughan’s Collection, which appeared four 
years later, this essay was still included (Padua, r 7 <^ 3 )- 

Paul Ford in his " Franklin Bibliography " ( Brooklyn, 1889, page 
117) states tliat Frands Maseres wrote to Vaughan daiming that 
nearly two thirds of the pamphlet was written by Jackson, but failed 
to satisfy him as to the accurate of the statement. 

Appended to the iiamphkt on " the Interest of Great Britain ” 
is an essay entitled *' Observations Concerning the Increase a( Man¬ 
kind, Peopling of Countries, etc.,” which reinforces the argument in 
reply to the contention that ” if we had Canada we could not people 
it witiwut draining Britain of its inhabitants. 

In 1754, Dr. William Clarke, of Boston, was corresponding with 
Dr. Franklin in regard to measures for the protection of tlie English 
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Colodes against the encroachments of the French ( ilassaditb^etts 
Historica] Sodeti p Coltections, IV.* 74), and in the following year 
Clarke published an anonymous pamphlet entitled “ Obser^-ations on 
the late and present Conduct of the French, with Regard to their 
Encroachments npon the British Colonies in North America. To 
which is added p wrote by Another Hand, Observations Concerning 
the increase of Mankind, Peopling of Countries, &c.” (Boston, 1755, 
and reprinted in London in the ^ine year). The added essay is 
universaHy attributed to Eh-. Franklin and is slid to ha^e been written 
by him as earh- as 1751. It seems most natural then for him, if he 
were the author of this new' pamphlet entitled the " Interest of Great 
Britain considered with Regard to her Colonies," to have appended 
his former pamphlet in support of one of his main arguments and 
with the following explanatory introduction: " In Confirmatioii of the 
liters Opinion conceming Manufttchires^ (Sr. he haji 

thought it not amiss to add an Extract from a Piece WTitten some 
Years since in ^ 4 incncti, where the Facts must be w^ell known, on 
which the Reasonings arc founded." 

In the Boston reprint of “ The Interest of Great Britain Con¬ 
sidered " the following was added to the title page: "As the very' 
ingenious, useful, and worthy Author of this Pamphlet 
Fti, LL.D. ] is well known and much esteemed hy the principal 
Gentlemen in Kuffland and AnicricQ^ and seeing that his other Works 
Itave been reteived with unh-ersal Applause; the present Production 
needs no further Rccommendatioii to a generous, a free, an irttclli- 
geniand publick-spirited People/^ This edition was printed and pub- 
lished by Franklin s nephew, Benjamin Meconi, who had been an 
apprentice in his Uncle s printing office in Philadelphia, and it cannot 
be doubted that he sent a copy of his reprint with its fulsome and 
conspicuous astripiion of authorship to his Uncle whom he so much 
admired, and tliat the authorship was not repudiated hy Franklin is 
evidenced by its reappearance cm the tide page of Meenm's second 
Boston edition. 

W iiUain Temple Franklin, Sparks, Bigelow' and Smyth, the editors 
ot the various standard editions of Franklin’s complete works, have 
included this pamphlet and thereby given to it their endorsement of 
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his atitliorship. as had Almon in his BiograpWcal* Liteiary and roUti- 
cal Anecdoles (London. 1797. H., 199 )- 

of the pamphlet which have come under the writer s notice their 
original owners have tahen the pains to wnle on the title page that 
the author was Dr. Frankliii. 

Temple Fiankliii's version is that his grandfather " stepped into 
the controversy '* and wrote a pamphlet, in which he was assisted by 
his friend air. Richard Jackson (who desired not to be known in the 
occasion)" (“ Memoirs of the Uie and Writings of Benjamin Frank¬ 
lin," 2d ed., London, iSlS, L, 307). Parton also ascribes it to Frank¬ 
lin and says: “ Tradition reports that it influenced the Ministry in 
deciding to keep Canada. Some have gone so far as to say that 
England owes that inestimable possession to Franklin, who first advo¬ 
cated its conquest, and then urged its retention " (" life and Tunes 
of Benjamin Franklin,” Boston, 1867, I., 422)- 

But on the point of the authorship there b still more direct aud 
condtisive proof. Franklin before writing his Autobiography 
nude an outline draft which was preserved and is printed in Bigelow’s 
edition of that work (PUladdphia, 1S68) and in tliis outline appears 
the following entry: “I am scot to England. Kegotiations ther^ 
Canada dclciidacsi. My Pamphlet, Its reception and effect. Proj¬ 
ects drawn from me concerning the Conquest" (p* 63)* Unfor¬ 
tunately the “Autobiography" was never written up to this date 
and therefore docs not mention this controversy in which Franklin 
took such an active part, but the words “ my pamplilet," in hb skel^n 
outline, can refer to no other than the one under consideration. 
Moreover. Franklin was not a man to accept silently an oft-repeated 
attribution of authorship to which he was not entitled, and his silence 
can only be regarded as admission of its correctness- 

With all these facts available it is diflicult to understand why 
Smyth—the latest editor of Franklin's coUected works, should have 
" found the problem of its authorslup so difficult, arid the question 
of the relative shares of Franklin and Jackson so intriratc, that I am 
quite unable to unloose its Gordian knot {ioc. ci'fv *u)» 

For the further elucidation of this problem, however, there arc 
fommatcly preserved in the Franklin Papers in the American Philo- 
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sophical Society (L., pt. ii, 13) sijt manuscript pages of this pamphlets 
■vie,, folios 7, 43, 45, 53, 58 and 67, wholly written in Franklin’s w-eli- 
know'n large, clear hand vdth his alterations and erasures to which 
tlie printed text conforms, The pages measure 12^ by 8 iuches and 
some of them are considerably stained and mildewed and not without 
holes. Their condition and the fewness of their number may he 
explained by lite fart that just before the occupation of Philadelphia 
by the British troops in 1777, Dr. Franklin’s papers were boxed and 
sent for safe-keeping to the country place of Ills friend Josejd; Gaho- 
w^y Trevose. near Bristol, in Pennsylvania. During the military 
operations about Philadelphia the British troops visited Mr. Gallo- 
waj-’s house, broke open the boxes containing these papers and many 
of them were scattEred over the ground and trodden under foot, and 
It may be that some of tliem were carried off, certainty many of them 
were lust or destroyed. After the cvaHuiadon of this territory by the 
British forces Dr. Franklin's son-in-law, Richard Bache, repaired to 
Trevose, collected the scattered, mud-bespattered and otherwise in¬ 
jured remmns of the contents of these boxes and returned them tn 
Philadelplna. This episode acoountg for the imperfect and dilapi¬ 
dated condition of some of the Franklin papers of which these sheets 
fortu a part. 

A count of the number uf written words, say, on folio 53 of 
Franklin's manuscript and the number of words in a page of the 
printed pamphlet shows that fifty-three times the number of words in 
the manuscript page would make a little over 33 pages of the printed 
text, and it is on papt 33 of the printed pamphlet that the text of ms, 
folio 33 appears, nierefore the preceding manuscript pages must 
have contaiited about the same number of words to a line and of lines 

to a page, indicating that the>' were almost certainly written by the 
same hand. 

It might be contended that Jackson had written part of the pam¬ 
phlet and pven his msmuscript to Dr. Franklin, who had then added 
it to or copied it into his own. But this is most unlikely, if not incon- 
ceivahle, in the case of a man so busy, so indisposed to unoccessaty 
labor and so saving of his time. Then, too, Jackson's handwriting 
w^ as characteristic in its way as FrankUn's, hut not so free and 
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would avcra^ mort words to the not fit in with 

the calculation just made. 

From whatever point of view we look at it, there cm be no 
reasonable doubt that the Interest of Great Britain considered with 
Regard to her Colonies " written wholly by Dr* Franklin* ah 
though before committing his view's to writing it was quhe natural 
for him, as Temple Franklin states he did, to have discussed them 
widi Jackson, his friend and fellow agent of Pennsylvania, and to 
have consulted him as to the plan and scope of the pamphlet lie was 
about to write to influence British opinion in its own interest and that 
of the American Colonies, That Jackson svrote any part of this pam¬ 
phlet there is no evidence that ¥fe have been able to discover and the 
original manuscript pages of it w^hich have been preserv'ed in the 
Franklin Manuscripts in the American Thdosophical Society appear 
to refute the claim. 

Peace was concluded by the signing of the Treaty of Paris on 
February lo, 1763, h}^ which Canada and that portion of Louisiana 
betwwn the Allegheny Mountains and tlie Mis^ippi River were 
ceded to Great Britain, and Guadaloupe was returned to France 
thus constituting Franklin’s second diplomatic success in his first 
mission to England. 

PHlLAaELTHtAp 

April 19^ 


THE CUEVE OF POPULATION GROWTH.^ 

By RA^CND pearl. 


In a series of papers from tlie writer^s laboratory' * it has b«o 
slioivn that one or another of the special forms of the general curve 


describes with extraordinary accuracy the growth of buinan popula¬ 
tions and of popuJatipns of lower organisms grown under experi¬ 
mentally controlled laboratory conditions. 

The oirte w'as derived from the following postiilaLcs: 

1. If any discussioti of the growth of human population is to 
be profitable in any real or practical sense, the djfi-n upon which the 
population grows must be taken as a rirdte one with definite limits, 
however large. For the growth of human populations (lie upper 
limit of finite areas possible of coosideratinnT must plainly b* the 
habiuble area of the earth. Smaller areas, as politically defined 
countries, may be treated each by itself. But whether this it done 
or not, there clearly is an upper finite limit of urea on which human 
population can grow. 

2. If there is a finite upper limit to the area upon which popula¬ 
tion may grow, then with erjual clearness there must be a finiie 
uppi^r limit to populaiion itself, or in other w'ords lo the number of 
persons who can live upon that area. It is obvious for example 
that it is a biological impossibility for so many as 50tC>oo human 
beings to live, and derive support (or livings upon one acre of ground* 
provided every other acre of the possibly liabitahle area of the earth 
is at the saine time inhabitated to the same degree of density* This 

^ Papers irnm the Departtunt of Biometry ^uid Vital Statistics, Sdrool 
of HygEeiM and Pnblic Health, Jokia Hopkins University. Kou loi. 

^ Pearl* R.p and Reed, L,J., Proc, iVrst, Acad. ScL^ VoL 6, ijp. 273^-288, 
1530j VoL 8, pp. iff 2 ^ !±y " PrtiUctcd Grofwih of PoEHilaticpa in New 

^ork and its Emdrtjiia.^ New York Plan of New York and its Environs ")^ 
ipzjp p. 42. Id., A/rlran, Vol 3, pp, 6-19^ 1925. Pearl* R_, " Studies m Humaii 
Biologyp Baltimore ( Willtaras & Wilklos Co.)* 1904. (In press.) 
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is obviously true wbate’v'tr the future may hold iti store for us in 
the wav of agricultural discoveries* improvements, or adA^aucements* 
That there is a finite upper Umil to the population which can live 
upon a finite area of the earth) is really as much a physical as 
a biological jnattej:^ The amount of ’w^ter which can be contained 
in a pint tnea^rc is strictly limited to a pint. It cannot by any chance 
be ten gallons. 

3, The lower absolute limit to pal^ulaiion is Kegative 

populations are in any coninKin, practical sense, unthinkable. 

4. History tells us wliat common-sense indicates a priori^ naindy 
that rack adz^anrenunt ifi ruhural kvd has brought with it (hr 
possibilitx of additionat population growth wiihin auy do fined area. 
In the hunting stage of hntmn culture the number of persons who 
can be supported upon a given area is snialh In the pastoral stage 
of culture more persons can subsist upon a given area* though the 
absolute number is still small. In the general agriciiJtiiral stage 
of civilization the possibilities of population per unit of area become 
again enhanced. The coiiimercml and industrial stages of culture 
permit great increases of population, provided^ of course, fand only 
under this condition) that there still remain somewhere else less 
densely populated areas where the means 0 f subsistence can be pro¬ 
duced in excess of local needs. In other words, each geographJcal 
unit which lias been inhabited for any long time has, so far as the evi¬ 
dence available indicates, had a succession of waves or eras of popu¬ 
lation growth, each superimposed upon the last, and each marking 
the duration of a more or less definite cultural epoch. 

5. FfTV/ii« each culUiral epoch or cyd^ of population growth (ha 
rote of growth of poptdotion has not constant in time. In- 

stead the following course of events has apparently occurred gener¬ 
ally, and indeed aJmost universally- At first the population grows 
slowly, hut the rate codstanlly increases to a certain point where 
it* the rate of growth^ reaches a maxuntim. ITis point may pre- 
sumablv be taken to present the optimum relation between numbers 
of people and the subsistence resources of the defined area. This 
point of mnxinuitu rate of groAvth is the point of inflection of the 
population growth curve. After that point is passed the rate of 
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^owth became^ progressively slower, till finally the curve stretches 
along nearly horizonta], in close approach to the upper asymptote 
which belongs to the particular cultural epoch and artar involve. 

The curve may take a variety of forms, according to the number 
and forms of the terms which are retained in the exponent of ir in 
the denominator of (i). Thus in the simplest form 


the curve describes the growth in a single epoch or cydt 

By retaining further terms the curve may be made to describe 
growth in more than one cycle, or cases where the populatioii 
after rising through one or mom cycles then declines. In one form 
the curv'c is asymmetrical on the two sides of the point of inflection, 
and ts ^5 capable of describing shew growth. All of these cbai' 
acteristics of the cun'e have been fully discussed in the sources 
already referred to. and need not be elaborated here. 

In order to give some idea of the fidelity’ with which this curs'c 
describes population growth a few examples may be presented. Tn 
these diagrams observed census counts of population are shown as 
small Circles. The smooth line through these points is die fitted 
curve. This is drawn as a hea^y, solid line through that portion of 
the total abscissal range within which there are observed points. 
Outside this range the cun-e is dotted, there being the extrapolated 
ponions. Many other examples of the fitting of this curve, in ad¬ 
dition to those presented here, are given in Chapter XXV. of 
Studies In Human Biology already referred to 
As a first example we may take the population growth of the 
United States. This is shown graphically in Fig. i. The equation 
o£ the fitted curve b 


^ I -f- ‘ 

It will be noted that in this case the observations all fall in the 
first half of the cycle. The agreement between ohserv'ation and 
tlicory is obviously well-nigh perfect. 
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The probable errors of the constants of the ctm-e for the United 
States are as follows: 


k = 197.27 ± '55 milliona of population, 

Oi = .03134 ± ,00013, 

in = 67.32 ±.17- 

As a second example we may take the population growth of 
France. This is of special interest, because the observed paints 
all lie in the second half of the cj-cle, and indeed well towards the 
upper asymptote. The case is thus in the strongest contrast to that 
of the United States, 

The equation to the fitted curve for France is 


y — 6.604 ~ 


35-975 . 


(iv) 


Again it is clear that the agreement between observation and 
theorj' IS extremely close. 

The probable errors of the constants of the curve for France 
are as follows: 


jb 35.975 ± -oH millions of population, 

m = .01975 ± .00015, 

m = .8081 .0038, 
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Fic. 3. The peptilation gnowtli af Sweden. 


As a third example we may take the case of Sweden, This k 
of interest because it has the longest continuous set of census counts 
of population of any country. The curve of growth is sliovra in 
Fifi- 3 - 
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The equation of the fitted om^ for Sweden b 


y - 


I + 7 , 265 ff“ 


(v) 


Here, with tlie long range of observations eovcnng roughly two 
thirds of the entire cvdc^ the agreement between theory and ob¬ 
servation is again extremely dose. 

The probable errors of the constants for the Swedish curve are 
as follows: 


k = 6.336 zb .054 miltions of population, 

Hi * .023006 ^ .DDOOtQ, 

m = 7.265 =fc .oi 5 . 

So far all the examples have dealt with cases where all the re¬ 
corded points fell within a single uyuh of growth. Lot us consider 
a case in which the known popuktinn history overlaps two cultural 
epochs. The best cage of tliis sort available is Germany. Prior 
to about 1850 Germany had been chiefly in the agricultural stage of 
culture. The industrial stage had only begun in a small way. After 
tSyo there was a rapid and €xtensi\ne dcv^elopinent of industry, which 
reached such a stage by the tune of the outbreak of the war in 
1914 as to make Germany one of the most highly industrialized 
populations in the world. Can the cun'e of population growth here 
tinder discussion deal adequately with such a case ? 

There arc two ways open to approach the problem. We may 
fit a single cycle curve like (ii) to the known population data before 
1855, and annthrr similar curve to tlie know^ti data since 1S5S 
weld the tivo togcEher at the point where they have a common tang¬ 
ent. The result a! following this procedure is shown in Fig. 4. 
the equations to the two curves hdtig: 


For the period up to iS55p 
y * 10.109 + 
From 1855 on^ 


34036 


I + 


82-044 

y 33 5 ^ + 1 


(vi) 


(vii) 





16 


PEARL—CURVE OF POPULATION GROWTH, 



Fic. 4. The popd,^CFti grnwtb of GermaEiy fitted vvith two single cyde cerra. 



It is obvious tiiat this procedure describes the known facts re¬ 
garding Germany's population growth in an entirely satisfactory 
manner. 
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Can we do as wdJ or better with the gencTal cnrve (i) ? The 
ans wer ID this question is given by Fig. 5. 

The equation of llie fitted curve is 

„ __^* 9 - 55 ^-. (viii) 

PUinly the fit of theory to observations is as dose as could be 
desired. 

Taking all the available evidence into account, of which only a 
fraction has been preseitted above, I believ'* that it Is justifiable to 
regard equation (i) as constituting a descriptive ftm- of popnlatton 
grtnoth. By its instnimentalitj' we can describe how populations 
grow, and predict their future growth over reasonable periods of 
rime with a degree of accuracy not attainable by any other method 
hitherto discovered. 
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THE NATION'S TRANSPORTATION PROBLEM. 

By EMORY R. JOHNSON. 

Tr^p^rmscn ^ D,.n th^ Wk^rtan 

Unmrnly cf PfHHiyfvanUL 

It isa somewhiH paradoxtcaJ fact that as tht Enmsportatioa facili¬ 
ties of any a,unb^- are devdof^f and made more efficient economic 
prosperity and social well being become mereasbgiv dependent upon 
a ^nate, prompt and economical carriage of persons and property’ 
^nd transmission of ideas. Transportation is one of the prfndpal 
determinants of social organization and sodal process 

In a country such as the Qnited States, the dem°and for transport 

qmr,d .o m„sport.<,«, f.rili.iR .bros, .t dena»d h>. nl- 
CTfia^ fi^ires and must necessarily cgntiime to in- 

tiTo.llT'TT transports- 

n problem and always will have. The United States, having a 
tmre extensive transportation system than any other conmrv pos- 

transportaton problem of 

proS^dv™taffi*^“' ^ 

rZ 1^ development of railroad and 

other tran^rlation taedhies. The p.,rpo« of this paper is to 

e those facts hricfl.v and to consider with eriual brevttv some of the 
^^ples that should control the goveroinent's relation to trans- 

porx 3 iiof]i^ 

Present V^olume of Traffic 

Figures of traffic that run into IriUions are too large to give the 
human mind a definite impression, but they at least indic^c in a 
genend way the magnitude of the service rendered by railroads and 
other tratupo^tion agencies in the United States. In 1923, the 
rai rto m s country had a revenue^paying traffic amounting to 
4 i 3 o&.ooo.ooo tons one mile. If the non-revenue or company 

IS 
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treigbt be added the total becomes 45?,589.000,000 ton miles. This 
is the largest freight tranfe ever handled by the railroads in any 
year. 

The passenger scri'icts oi tlie railroads in 19^3 amomited to 
38.000,000,000 passengers one mile. This, however, was not so 
large a traffic as the railroads liandled during the unusual pericxl of 
the participatiun ot the Unitccl States in the ^\orld War. 

The electric railways of the United States in 1923 carried more 
rhnn 16,000,000,000 passengers. Records are not hept of the dis¬ 
tances that passengers travelled on electric railways and, for that 
reason, it is not ijosstble to give figures for passenger miles. 

It is not definitely known how many passengers were tarried hy 
motor busses in this countrj'. hut it is estimated that approximately 
I 000,000.000 passetigers ride in motor busses annually. The traffic 
is large and is increasingly rapidly. The Fifth Avenue Coach 
Company of New York City carried 56.000.000 revenue passengers 
in 1923. It is said tliat 3,500,000 people daily ride tii»n the busses 
operated on the streets of London. The motor busses in London are 
now tnuisporting a billion and a quarter passengers annually. It 
has been roughly estimated that in 1923 passenger automobiles 
carried nearly ten hiUion passengers, and tl^t the average ride was 
about eleven miles 111 length. This would make the motor passenger 
miles over one hundred biUion or two and one-halt times the rail- 
road |>assyenger rnnes. 

Only very j^artial Lnformalion knovm of the voluii^e of freight 
handled by motor trucks which are now being largely used hotl: by 
organized carriers and by large shippers using their own trucks. 
An estimate based upon data presented by the .Automobile Giamher 
of Commera: indicates that motor trucks in 1923 earned 2,220.- 
000,000 tons of freight, the average haul being less than five miles. 
The total tou-miles was approximately ten and onr^haH htllion- 

Future Increase in Traffic. 

A careful estimate has lieen made of the volume of traffic that 
will he moving upon American railroads ten years hence or m t933. 
Tltt estimate was made for the Bureau of Railway Economics by 
the railroad companies of the United States. The companies re- 
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porting information operated two tWrds of the railway niJIeage in 
the countrj' and haiicflcd over two third;> of the trafTic* On llic 
basis of these reports, it is evident that there will be an increase of 
at least one third in the freight traffic of American railroads during 
the decade ending in 1933. This is a much smaller rate of in¬ 
crease titan has prevailed in the past. But even that growth will 
bnng tile revenge freight traffic of American railroads in 1933 up 
to 350.ooo.ooo.ooo ton miles. The passenger trafEc will prnbably 
increase somewhat slower than the freight Luriness. but tlie increase 
during the decade ending in 1933 can hardly be less than 35 per 
rent. Even that conservative estimate brings the passenger traffic 
of American railrCKids in 1933 up to 47,500,000.000 passenger miles, 
winch is not much more than the total reached during the war period. 

It takes imagination as well as mfontiatioii to picture the economic 
development of a country such as (he United States. The increase 
of large scale production accelerates industrial activirt. Capital 
^cumulates with augmented speed, the coiintrv goes ahead faster 
tkin most people realize. An indication of the economic growth of 
the country is given by a statement made hy the Peunsyh'ania Rail- 
roa tot upon the lines of that comiany's system 513 new industries 
were located m 1933 developing freight traffic estimated at ntore 
than 6,500,000 tons annually, The.se newly establcslied enterprises 
on the PenrsyhTinia Systetii wij] expect to load 1S6.000 cars annually. 

In spite of the enormous travel by private aiitomobiJcs and the 
rapid increase in the use 01 motor busses, the electric railways in the 
United States have a constantly expanding traffic. The increase 
in their traffic m the decade ending in 1933 was 60 per cent. 

Although it seems somewhat paradoxical, it is none the less a 
fart that the increase of the use of motor busses lends to supplement 
rather than to supplant the service of electric railwavs. The busses 
bring traffic to the railroads and electric railways and dius com¬ 
plement, as well as compete with, the carriers by rail. Lndmiht- 
edly the most rapid increase in traffic is tot of the motor busses, 

but figures are not available to show the actual rate of increase in this 
trafnc. 

Capital REQuiaKD Annually, 

^ This c%cr enlarging work at tninsportation cannot be performed 
v-nthoiit large exptndititrds o£ capi^l. The railroad cornpanies in 
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estimating thi^ growth of traffic for the dei:ade ending in 1933 also 
estimated the minimnni amount of capital that would be required 
to handle the prospective traffic. The ostiinate was $7,870,000,000 
for a decade, or a capitaj mveslment in railroad facilities averaging 
$787,000,000 a year. This estimate is considered by many men to 
be much too small. Inasmuch as the in%^estment in railroads at the 
present time probably exceeds $:> 1,000,000,000. the aliove estimate 
gf the annual requirements for the ensuing ten years is less 
3H per cent- of the present invested capitaL Certainly at least that 
piercentage of new capital will be required. 

How many hunclrini millions of dollars wiU be needed each year 
to pravdde electric railway facilities and to meet the demand for 
freight and passenger transportation hy motor trucks and busses 
can only he conjectured. Apparently the devedopment of traitsjjorta* 
tioti facilities in the United States during the next ten years will 
require not less than two billion dollars of capital annually^ Tfiat 
aniDunt vsdll be in addition tn w'hatever may be needed for the con¬ 
struction and niaintertaiKe of highways, for which ^ 

year would be quite inadequate. These figures indicate that the 
people of the United States must expect to spend hctwcreii two and 
one half and three billion doUars annually to provide transportation 
facilities. 

foK Private. Ow??ERsntr ahd Operation of Raelroaos 
IN THE Uniteu States. 

The size of ihe transportation industries and the vital relation 
which transportation bears to economic prosperity and social well¬ 
being combine to give importance to the public policy adopted to- 
w'ards transportation* The first big question that the public must 
decide is whether transportation facilities should be provided by 
the government or by private enterprise. Fommately this question 
seems for the present to have been decided in fa^or ol private owner¬ 
ship and operation, hut there is more or less wides]>read and con¬ 
tinuous advocao' of gDA^ernmcnt ownership and operation of rail¬ 
roads and other transportaticin agencies, in spite of the fact tliat sound 
economic and political philosophy as well as practical experience 
indicate that prit^te ownership and operation of railroads and other 
transportation agencies is the wnser policy for the United States. 
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The reasons why private owTieriihip and operation of the rail¬ 
roads are preferable to govcriiEneiit enterprise are not always clearly 
iinderstCK>d. Briefly stated the main reasons are 

(1) That private ownership and operation of railroads is in 
harmony with the genius oE the people of this cmmtry; The rauntiy 
has gone ahead with amazing rapidity b€!cause the principle of private 
initative m economic life has l>een adhered to. 

(2) The rnanagcment of a railroad is an cxecntivc U^k for 
which a dumocratiE: governmeiiit is ill adapted. 

(3) The successful inanagennent of a railroad or other large 
business enterprise requires unity of thought and continuity of 
purpose on the part of the directors and executive officers. Govem- 
menl management is subject to l^islaturi! control which in a dem¬ 
ocratic country' renders impossible that continuity of purpose es¬ 
sential lu Success in railroad ntanagement. 

(4) Private enterpirise invests funds in response to business 
needs. Private railroads are developed wdiere there is the largest 
traffic demand. Government appropriations for railroads would be 
subject to political as well as economic influences. 

(5) The officers and directors of a tadroad company are under 
constant pressure to keep expenses down. They will employ no 
more than are tieeded. In govemnient enterprises this is not the 
prevailing practice. 

(6) Men of greatest efficiency and highest teclinical training are 
less attracted to government positions than to private business ac¬ 
tivities. If the railroads w^erc owned and operated by the govern¬ 
ment, they would in a few years be operated hy men of less efficiency^ 
than the men engaged in private enterprises. 

(?) The expense of operating railroads under government man¬ 
agement would t>e greater than under private management. Rates 
and fares w^ould have to be higher or the tax payers would have to 
meet annually reciirring deficits. With very few exceptions, govern¬ 
ment operation of railroads has resulted in defleits borne by the 
tax payers. 

(S) The acquisjlion of the railroads by the United States govern¬ 
ment would double the present debt, largo as that has been made 
by the recent world war. If the debt were doubled, the interest 
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rate would be incresised. The financbl burden borne by the tax¬ 
payers would be much heavier* 

Ck>veitfiinENT Policy—Essential PiisaPLEs of RErjtrtAi^iON. 

Government regulation rather than govertunent ownership and 
operadDn of the railroads and other transpartation faedides is ad¬ 
visable in the United States* Covemment regulation is necessary 
in the public interesL It is also necessary that regulatinn should 
be in accordance with sound principles. 

The public generally now has a much clearer understanding of 
the problem of government regiilation of railroads than it had prior 
to die World War. Up to that time, the main purpose of govern- 
tnent regnbtion of the milroada was to punish abuses in the rail¬ 
road service and to prevent their rectirrenee. The Transportation 
Act of 1920, however, is framed in accordimce with the principle 
that the government's relation to the railroads must be constructive 
and helpful as wfdJ aa corrective^ Nfost of the railroad abuses of 
the past have been eliminated. The primary aim of the government 
Tiovk* is to assure adequate facilities. 

The government cannoL avoid regulating railroad rates and tti 
the long run the federal and local governmeiit will inevitably regulate 
the rates of common carriers other than the railroads. Thb means 
that the revenues of railroads and oilier carriers will be determined 
by public policy. It needs no argument to prove that government 
regulation must not go so far as to prevent the earners from making 
a fair pruht upon their investment. New capitate and the amount 
required is large^ must be secured from investors; and investors will 
place their capital only where there is hope of at least a reasonable 
rttnm. 

Tltis fact is recognized by the T ratisportatjon Act of 19^ which 
directs the Interstate Commerce Commission to adjust and establish 
such railroad rates ua will yield the carriers a fair retum U|)on the 
property devoted to the service of the public. This is the heart of 
Section isA of the Trans|?ortation Act, concerning which there has 
been much public misunderstanding. In the public interest, it is 
necessary that the principle ot regfulation underlying Section 15A 
should be maintained and developed. 

Another general principle of regulation that has been partially 
recognized by legislation is that carrier^ serving the public should 
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work with each other instead of against each other. Up to the time 
of the World WaFp legislatian sought to minbnize the coordination 
of the railroatis. Now their coordination is faTOted- The law 
contemplates the vohtntar>' consolidation of the 3O0 brge ratlroad 
systems and the 1400 minor ones into a Ihnitcd number of systems 
(possibly twenty). This is to be done without ahandoning oom- 
pedtton in services. The maintenance of competition in service is 
desirable and possible, and will not be prevented by the consolida¬ 
tion of railroads in accordance with the plan contained in the Trans¬ 
portation Act of 1920. 

The desirable coordination of carriers indtides not only the 
consolidation of otir present railroads into a limited number of per* 
manent systems of relatively equal strengthp but aUci the correlatioii 
of railroads, waterways, and highways in such a way as to form a 
unified transportatioii system. The coordination of rati, water, and 
motor carriers involves the physical connection of railways and 
waterways and the interchange of trafRc of the railroads and water¬ 
ways with each other and with common carriers by motors. In 
the future, the aeroplane and the airways will have to be brought 
into the picture* What the country needs is a coordinated or uni¬ 
fied transportation system, including all transportation agencies so 
regulated by tlie government as to permit carriers to serve the public 
with maximum efficiency and to provide the country, year by year, 
with the additional facilities required for its untramiuelcd economic 
dc^'dopment and for its progressively greater social wed being. 


PirYSiCAL FACTORS IN PREDICTING THE BASAL 
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That there are reasonably dose relationships betwetoi the size 
of the individual and the total twenty-foiir hour basal heat produc¬ 
tion and particularly between the surface area and the metabolism 
liave for many ^ears been considered by most physiologists as estab^ 
lished facts. The original concepts were hased upon startlingly few 
experimental data* however^ and it was not until die collection of 
a large mass of metabolism measurements upon different normal 
individuals became available that closer study of these relationships 
could be made. After many urgent requests on the part of workers 
in metabolisnu the Nutritioii Laboratory in 19^4 hsted its measure- 
nients on normal individuals.^ A consideration of certain of die 
fartors alTecting metabolism followed this presentation but the 
filial analysis of the figures was designedly left until they could 
reem-e proper biometric treatment." These original measurements 
have played a most important part in several discussions of basal 
metabolism, 0 u Unis and his collalioraiors have discussed the ques¬ 
tion diieily from the standpoint of surface area/ finally recogniting 
the age and sex elements/ Dreyer" attributes special importance to 
weight and age, differentiating between males and females, wliik 
Gruber ^ has laid special emphasis upon length. Finally, the bi- 
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pmeUnc analysis madt^ b)’ the NlitritlDn Laboratory- indicated that 
weight, stature, age, and sex all have independent relationships.* 
There has been a great deal of controversy and perhaps much time 
lost over comparisons of these several me thuds of predicting die 
metabolism from knowm factors. Since, howeverp practically all 
these analyses are based, in large part at least, upon the same ex¬ 
perimental maceriab i the Nutridott Laboratory series^ it is not 
surprising that the several prediction methods a|p:ee reasonably well 
among thernselvcs. 

The data originally puhli.shed in 1914 included practically no 
children. But since that time two Kutrition Laboratory series of 
rnetaboli.sm measurements on children, the one made in dollaboration 
with Dr. B. Talbot * and the other with the codperatinn of groii|j5 
of Girl Scout? have made potssible a more: elaborate analysis of 
basal metabolism during the earlier years of human life. The prime 
use of ba^al metabolism predictions is obviously to compare the 
measured metabolism of padiological cases wdth the espiected 
metabolism of a normal in dividual of a similar 5ex, age^ and physical 
config-uration. Perhaps no one problem is ptesented more frequently 
to the Nutrition Laboratory than the questton to whai is the best 
method of predicting the metabolism of childrEiit for in spite of the 
numerous membolism measurements on normal children published 
from this Laboratory, they still fall far short of the number nee- 
essary to proride an ideal method for prediction appliciible to that 
period of intense physical change represented l>etw‘etn birtli and 20 
years of 

Many children vrill be somewhat disttirbcd,i it not acluaJly agitated, 
during the first metaboUan measurements, and it is obvious that only 
repeated tests am indicate the true ba.salinetabDlism. If, in any series 
of measurements, a period of complete repose gives its a value for 
the oxy'gen consumption or carbon-dioxide production that is tower 
than al] the other period value,?, then if technical errors have 
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been avoitJetl, this period must most doscfy approximate the 
ba^ flietabotism. 

AVith t^vo or more closely agreeing low values the probable 
accuracy of the selected figure “ must he very high, aod the assump¬ 
tion is justified that the average of the two represents the clo^st 
approximation to basal and that all other figures in all other periods 
are too hioh to be used in any basal discftssion, whatever tlieir value 
may he jlI an index of the general, daily 24-hour metabolism which 
includes, naturally, periods of muscular and digestive activity- For 
coraparmg diflercni children and for comparing children with youths 
and adults, basal figures alone can be employed, 

Granted that muscular and digesUve acth% can he. if iiM wliotly 
eliminated, at least m large part suppressed, a close analysis of the 
factors affecting metabolism shows tliat wc have to deal with several 
known and probably many as yet unknown factors. With adults 
certainly biometric analysis has shown that weight, height, age, and 
sex each have an independent influence upon metabolism. The 
question then ari.ses,-what factor or combination of factors is 
most closely correlated with the measured basal metabolism? He- 
cent researches indicate tliat imdemutrition plays alt important role, 
certainly with adults and probably with children. Consequently it 
is highly probable that a simple statement of the age, height, weight, 
and sex will only fartly meet the requirements of a prcdlcrion method 
and that one should give careful attention to the state ot nutntton. 
Innumerable anthruiKjmctric rtcords of cfiddrcn Iwve t^een made and 
various indices as to the state of luitriiion have »" 

Their possible usefulness in predicting tuetaboli-sm should lie in- 

veitiffaled. .. . 

In the prediction ut the metabolism of children, one usua y is 
confronted with the difficulty of expressing in an intelligent mimner 
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the state of ntitritton, either in terms such as *'motleralelj- well 
nourished," "well nourished/' "thin." or "emacialed" (these hav¬ 
ing really no quantitative significance), or by the u« of one of the 
raan> suggested indices of nutrition which involve measurements that 
are frequently not taken or not reported or that cannot be easily 
estimated from comnionly reported tneasurements. Of the various 
indices of nutrition prot»sed by different writers, none has been so 
extensively compared with actual nutrition measurerncuts as the 
recommended by Firquet. A recent visit to Pirquet's clinic 
in V lenna brought to mind again the possibility of correlating some 
of these indices with tlie basal metabolism, with the primarv- object 
o seeing if it was possible to secure a simpler method of prediction 
rvo critics of Pirquet's system can fail to admire the ingenuitj- 
with which he has devdsed Ids plan, particularly when one considers 
that It was primarily a war measure, that an untried group of labora- 
ton-and hosjiital assistants had to be used, only limited supplies of 
were available, and the strictest economy in rationing was 
essential. That it sensed its purpose is attested bv the large number 
ct lives salvaged by Pirquet in his masterlv experiment with the 
Viennese young during tlie period of .tress incidental to the war and 
IS aft^rath. The true worth of umch of hh numerous, more or 
less arbitraiT assumpbons and dicta, including a tenninology that v. 
Leersum » ,n a spirit of raillery calls ''argot," may he safely left to 
the hnal assessment of his pediatric colleagues, but a close analvsis 
o the factors catering into Pirqnefs most ingenious, if not indeed 
(for Amenca at least) practical, system shows two important cou- 
wpbons that no physiologist can ruthlessly cast aside and condemn 

bemuse he is not in favor of adopting the «ncm system" in its 
entirety. 

\ erj strongly impressed wdth certain relationships which he finds 
between the sitting height and the body weight of humans of all 
^■es. Pirqnet suggests a mathematical expression of the relationship 

determined by dividing 
the cube root of ten times the weight in grams by the sitting height 

A- Jkflin. Vdti. 1-4. (also 

/. ArndrrAcilfc., ,pi 6 _, 5 ,g_ VoJi 14,18) J 

V, L«rm.a. BulLd i^^r. p. j,. 480. 
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in centimeters,^ This quotient; to which PLrqtiet has given the char- 
iLcterlstic tmnit peUdisi,"^ is found to range from about BO to 113 
or 114, cmadated individuals showing the lower \'a]tie5 and fat 
individuals the higber.^^ Consequently the pelidisf itself^ Pirquet 
mamtains, is a much better expression of the state of nutrition than 
is the old, admittedly wholly inadequate expression that the person 
is wellp moderately, or poorly nauiished. As a Eurther assistance 
in indicaJdng the state ol nutrition of individuals, psartiailarly chH- 
dren, he proposes an expression, likewise Sn the form of a coined 
word, w^hich w'ill indicate immediately the condition of the blood 
supply to the skin, the amount of fat, the turgor, and the muscular 
development. 

In place of either of the two main factors heretofore considered 
by v'nriDus writers as controlling the metabolism* the mass of 
active protoplasmic tissue and the surface area of the body, Pirquet 
now proposes the surface of the intestine (Eim^ningsoberflache). 
This conception challenges attentioa if for no other reason than that 
it is a welcome diversion from the time-honored notion that the 
metabulism is determined ” by the heat lost f rom the surface of the 
body* The tueasurenieiit of the length of the intestine is out of the 
question* but from several physiological and geometrical stanilpoinu 
and reasoningB he comes to ihe conclusion tliat the absorbit^ Intes¬ 
tinal surface bears a simple, geometrical relation tu the square of the 
easily measured '^sitting height/' Hence this anthmponietnc meas¬ 
urement hecoiues one of the most important factors in his whole 
system. Without entering into the details of the mctliod of rom- 
pIllation and the various assumptions invoh’cd in the establishment of 
a seeming proportionality betw'ecn food needs and sitting height 
(assumptions quite out of harmony with much of his reasoning)j 

“ In this eemneetjufl tlw irnportHiice of mrasurenients of hd^ht with- 

ooTt itiDcs and wdght withoat clodifnjr in si3l data for imc in ttietabuliatFi 
tncaiurrmetita ahould be strongly nnrliasistfid^ NormaJ malernil, to be used as 
a cirteriofi f&r hcis|iita1i iwnpariscjns^ muHt have a uniform which will 

not be alinitcd cither by variiOsility In the wriifht uf doihing (causoj by 
custoni, aiBumec <ir scastm) or by varialjflHA m tke height of heds. Fur 
iDCtaboliiin TccQtds citily nude wtights und heights withnut sliues are of 

Tt is importitrrt tn rcaJtxe tliat loe dticfi not tinnify perfect or normal in 
all ages. 
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the Sdjj^esti’on still remains—la the sitting height a nicasurement 
that IS intmuLtely related in any way to the basal metabnlism? 

A series of basal [tictnfiolism esperiments, including records of 
heat production, age, sex, height, sitting height, and weight, large 
enough to permit statistical treatment is most desired. The e.xtetisive 
Nutrition Laboratori- series on individual children is dehdent in 
that the sitting height was not taken.” Professor Piquet, on a visit 
to the Nutrition Labonitory', slated, however, tiiat the sitting height 
may be accurately obtained by addttig 5 centimeters to one lialf of 
the total height. A number of measurements made in the Nutrition 
Laboratory have in general conlinncd this, and consequently it has 
been possible for the piirriosps of this study to derit-e the proh-ilile 
sittmg height of the children from the recorded total heighL 

Prior to the suggestion of a relationship between sitting height 
and meiabohstti. extensive coinpajisons of the induence of weigiit 
and surface area in the prediction of metabolism had been made by 
Benedict and Talbot ^ f ront the measured metabolism of the Nutri- 
uon Laboratory series of boys and girls. As the method of compn- 


Dr, c B. D^Lvenport has suBECsted to the writer dial the *htttig height, 
tint the iTerlcx hiji to the sujirastetnal notch, might he fotaitl to be of im- 
portanct m metaholism stmties, as pving a measurement of inmk length un^ 
compherntd hy he^ length. This measureTneni is strongly femimncndcd and 
s now be rcciyded by at] workers in nurntal mflabolisnt studies. AlthmjKh 
nuuenal difFerences in the nieasurcirwnts oi the sitting 
hrtght, wdten earned out without special precautions and when cunipared with 
the s^cifiatrtmj of Dreyrr, for the sake of uniformitj and exactness in de^ 
scripunn the Dreyer nietlmd is undout,l«l)y preferable. Dreyer (sec Dreycr 

^ vork, ,Si in 

and t«) shovrs a spertal apparatus which, however, is hardly necess,try. He 
stot^ that die s^jwt should sit on the floor anti tiot hang the legs over a 
« Th 1 the tucasureiiienl.4 stlotdd he made os foltnws. 

2 I “il «« «hieh he 

i™;r ?L!1 hmiwards and the knee, flexed, lift* th* 

^ hackwaiTli until the lowesthonypoftinn of the 
□» «CTum « Ui contact with the front of the tneasuring standanl. The hack 

iS- L 'T*’® head .should be tilted 

hZ , f^tward. The tneasur.^ 

"ronhe ‘I'stancc between the iwhial tuberosities and tll£ 


TalU'”^" - r- w: Benedict and 

Talbot, Canute Inst. Wash. Pub. tio. joa, igai. 
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tation and ccttiparison is, in of statistical treatment, tiie most 
rationaJ that we ha\e thu5 far found, a word as to its details b here 
desirable. For example, ba-sal metabolism nieasiiremimls were made 
ill a respiration chamber on a total of 12S ho3'S and 114 fill'll wd 
sininltaiieonsly the heights, W'eSgbts, and meamred surface areas 
were recorded- Tbe result for each child (boy or girl) was repre-" 
seated by a point un a chart* with the ^-allies for the measured metab¬ 
olism a-s the ordinates and another factor, sudi as w^cighl, age, or 
surface arca» as the abscissae. Using separate pieces of tracing 
paper, fivo different lUEnihers of tlie Nutrition Laboratory^ staff 
I all skilled workers with nietahulism charts) each sketched, free¬ 
hand, the cunc tliat to him seemed to represent most truly the 
geneml trend of the plots. A composhe of diese five cun^^es was 
subsequently made, to obtain the final curve represented on ihe chart. 
Thus a curve was nhtaineii showing the predooiinanl trend of the 
metabolism as related to its compared factor^ 

Precisely this treatment iivas accorded the relationships between 
the basal 34^houT heat prodticttun and body wetgh^^ measured sur-' 
face area, and age/* These corves show the general trend of the 
metabolism as referred to weight, surface area, and age- aud tram 
the general grouping of points about the curves it would scent that 
certain airves might be of practical v^dne for predicting the unknu^en 
basal metabolism of a boy Or girl whose weight or surface area is 
known. Akhnugh the curve? represvent trends only, the wide scatter 
of individual points is disturbing to the ihonglit of using such 
curv'es for prediction puipiose-s. Furthermore^ the pefcentige de¬ 
viation of the points from the smoothed cur^e is lurgely affected by 
the acLual weight or surface area of the individual. Percentage 
relationships only* therefore, may property be used in assessing value 
to these curves for prediction purpoaes. 

The acttiol heat production of a child, as measured, is refem^, 
for example, to that noted on the tune for the weight of the partic¬ 
ular child. The difference ijetween these two values indicates whether 
the predicted lieat producliaii (from the smoothed cur^e) is greater 
or less than live actual heat production. Thus, if the predicted heat 
« flMJp" .Ifrtf. -UMf Sitrif. Jounn.. 1919, iSt, p. iQj; Benedict and 

Talbot r Camcfpc lust. AVasti. Eub. No. joa, 
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production is lotrer than the actual, the difference wiU be expressed 
y a minus si^. The percentage diffcretice is obtained h)* dividing 
W times the difference by the actual heat production. Thus, in a 
t^icaJ case, a hoy 7 years and .t months old. with a nude weight 
of 19.9 kilogranis and a height of nt.5 centimeters, had an actual 
h^t production per ^4 hours of 838 calories. From the 
^ooth^ curve showing the relationship between the basal 24-liour 

dLeTbeat production of 857 calories, f.e., the pre¬ 

dicted beat prodnctton is 2.3 per cent, above the actually measured 

referred to body surface, tills same boy. having a surface area 

Refill " ^ -•’-h 

Th^ . , r metabolism, 

express^ on calculated in this manner and 

reterred both to weight and surface area. 

The Ltoirl^, ™''"' '‘™”“''‘ '™'" ** 'fc' '""t 

in ' •’'’“’••■“S “"<1 -feHils nf idl calchHras „e gjv„ 

tlie twiii in d 5 ,e^„‘ ^ ba^c the actual heat production as 

the difference between the >i«viat)ofts, that is. we h.rve divided 

metabolisni. One tnjy maintain iw • JnEtabolism by- the actual 

the predicted heat produedon as a ha^' * ouJd have used not the actiml but 
rarve is the range of the deviation* f ’ *”* P>’«l«d<»» 

dial stHTie of the tiercentage value* np^^ predlctioiL This would mciin 
actual metabolism would hj rahed , 

There would therefore Z VZ • ^ ^ 

deviatioD would lie alten-d hut ‘^e mvrai/i peroenlage 

». SLY, ;iSLt"LYSl,:,’ T 

speaking, it would have hc^ Z 1?««entages. although, strictly 

.disoi « the basis 

^ ■•^U, ™l Ta,,. W..J. 3 ». 
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undesirable. A sumrrar}' of the findings b. boi^^cver, given m 
Table 1 . 

TABLE I. 


CoicFAKisotc ^ THE Actoal Basaj- a4-Haiii Heat PaeDccriDs of Bcts a3si> 

GiETS WtTFl THE MeTABOLISH PllEDICTED TPOM Bo&V WEIGHT 
ASD Bomt Surface. 


Gmu^ 

Ba4U 

!)( 

Prcdktbn- ' 

Number 

of 

Subject i- 

Devhainn o£ 

from Actual* 

Ali boys. *, ,,..t-****i. 

Weight 

12 S 

± p.ct. 

74 

B^kvw 10 kUdt*. -i 


6a 

A7 

Abovi? 10 kilH.. . . i. *** **«*, HiHh! 




AIlboTH. --- p - 



7-5 

Below fiq. hl, . 


Sa 

7-1 

Alwve Q-4S *q,- m,, . 


T* 

74 

AU E^rb. 

Weight 

IT4 

9.7 

Bclnw 10 kibs.. .«...**■+.*+* + * 



11J 

AbovF Id kitofl... ...p i..,**,-.* 


5* 

7-5 

All p.., . 

SccriHi^ 

114 

0.B 

Behjiw Q^s siq- m,, *** P P ---- 


43 

XZ.5 

Aba%>«0.45 m,. *,*** + . -.. + . 


65 

84 


In Table 1 , two facts are cfcarly brought ouL firstp that the pre¬ 
dictions below lo kiiograms or 0^5 square meter are with both 
boys and girls poorer than those made above these limits. Secondly^ 
on any ba^is the prediction for boys in general is measurably better 
than the prediction for girls upon the same basis- There is a dis¬ 
tinctly better prediction of the basal meitabotisni of children over 
one year of age over 10 kilograiiis or 0,45 meter} from 

the weight rather than the surface area. The best prediction is 
that for hoys over 10 kilograinSp i.tf., ± 6.3 per cent. From these 
summarized analyses of the deviations of predictions with boys and 
girls it ivas concluded that the prediction from weight was the best 
available, and a table was prepared, giving the most probable heat 
production of boys and girls of different weights from birth to 
puberty* This table lias been published « and is now much used as 
a method of predicting the basal metabolism of children* 

“Bcmaiict and Talbdt, Carnegie last Wash, Pub. No, aw?, igait Table 
36^ p. j stCj also. CarpeotcTi CamfEse Inst Walk Pub. Nn, jaj, nrjai^ 
Table 30p p* tog- 
3 
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Pirquet's concept of a proportionality between metabolism and the 
sitting height, a concept borne out by his practical experiences in 
feeding large numbers of children in Vienna, seemed to warrant a 
doser focaminmbd of the relationship between the measured basal 
metabolism and sitting height with these children. From the Nutri¬ 
tion Laboratory data for children this rdationship between metab- 
olLstn and sitting height” could be easily computed. It was found, 
m considenng the series of boys over to kilograms, that dividing the 
mimsured ^-hour basal metabolism b>’ the square cf the sitting 
eight gave a factor corresponding to 0.241 on the average. The 
between different individuals was very great. For example, 
the factor for one boy was as low as 0.165 and for three individual 
boys as low as 0.186. while with five it was 0.310 or above, the high¬ 
est ^-alue being 0.340. Thus we see that this constant had an extreme 
^nafaon of over too per cent It became clear at the outset, 
therefore, that while a large number of boys showed constants be¬ 
tween .200 and .240, the variation was very much wider with many 
others .\ny concept of this “ constant *' representing a single .-alue 
must therefore immediately be given up, for whatever semblance of 
prpportion^ity Piniuet fonnd with his Viennese children between 
Oietr total food needs and sitting height, certainly no significant rela¬ 
tionship could be established on the bisis of basal metabolism. 

At this step It became evident that the severest test of any pra¬ 
ised method of prediction would be made by applying the predk- 
on method to our measured series of girls. 'The predictions for 

enedict formula for men, have been shown to be reasonably satis- 

labli<ihcd in proqedun suE^e^cil by PirquEt is fully cs- 

tlifi fflct that thi-^ ^aJbot has called my attenliau to 

wWdi the ufdjii.. fanor i. idioK whidj he ha. aca.umf, ia 

tijcixrs. The aDnlirahii H-nr e i,- "carer m ce&timetera rather thaui 5 ceiitU 

what ;«riet«d. Direct “T 

cedun:. aj-^ nf tourse by hr the safer pro- 
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tartory,"* With girls the prediction Ls by no means satii factory 
and many of the problems in metabolism presented to the NntritiQn 
Laboratoty have had to deal with the metabolism of girls. Atten* 
non was therefore immediatEly diretrtcd to^rard the series of girls 
and the possible rdationships between the heat production and sit¬ 
ting height were studied with them. When the values for the total 
heat productipn (as measured) divided by the sitting height squared 
were plottedp in one chart against the height, in another against the 
sitting height* and in another against the sitting height squared, and 
when through these plots curves rtpreseuting the probable general 
trend were drawn in accordance with tlte method otitlined previouslyi 
it was foutid that the prediction from these curves was of a much 
higher order of accuracy tlian the prediction by any other m^tbod 
thus far proposed for the girls. Indeed, as can he seen from Table 
I., the best predictions there recorded showed an average deviation 
of predicted from actual, on the basis of weight, of i!i 7-5 
for the 56 girls above 10 kilograms in weight, and on the basis of 
surface area ± 8.5 per cent, with the 65 girk above 045 square 
nieter. We now find that by using the relationship between sitting 
height squared and die tolal heat and referring to the three bases, 
height, sitting heights and sitting height squared^ It is possible to 
secure predictions for these 56 girts w'cigbJng 10 kilograms and above 
of an order of zb 6 per cent. It is quite clear, therefore^ that the 
sitting height squared, or at /rcj/ thi’ tnjtgfh lias materially 

altered the entire complexion of the metbod of predicticra^ 

As a result of this finding a large number of computations and 
comparisons were made, using chiefly the data for the 5® in 
the Benedict-Talbot series weighing to kilograms or above. It is 
impracticahlc to present all of the numerous tables and plots, but 
in Table 11 . are summarized the average percentage deviations found 
by predicting the metabolism from the sev^eral curves. 

A general inspection of this table shows that the higher per^ 
centage deviations are noted almost mvariahl3' ivilh relatio’uships 
which involve body weight or area, such as those under the head 
of heat per kilogram or heat per tiuit of surface area^ On the other 

Beiaedict aTid Talbot, CamcEie Insl- Wash No. 302^ ^ 

1941 alEQ Bexij^Icl, Proc. jVa^. Acad. Sci.^ 19^1 P- ?■ 
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TABLE U. 

COMfABISQX OJ DimxEICT MeTBOSS IV PtEPim^'G THE BaSAL 24-Ho(! 1 HEAT 
PurntrL'TifiTf OF THE sS Benhhct-Taijot Gielb to 
KiLOCRAHS ABD OlTB ut Wemjht* 

(Valqcs represent percenftp: de-atioas. res^ud to sign, of 

predactwl from ai^ted inctabolkiii) 


iTactor. 


Basis of Rcfl!l¥Elc<^. 


WcJghiL 




SittlBji 

Usitht. 


SIttittjt 

HcSjfhl 
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fi.j 

7S 


6.0 

6.[ 
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Alt 


Hrat per k IJogiMi divided by 


hElfibt.., *. . 
aiEifti^ beljEht 
aittJne height 

Heat per tq’UBTt meter. + ^" 

''"™ 

’^tal heat 

’HclEhC “ ^ Wtight. ___ 


T -5 

IlrO 


8^4 


7 -t 

6.9 

t.fi 

7.11 

S.O 


7.7 

7-1 

7.0 

a. I 


6,7 

54 

6.0 

5 -S 


6.t 

5 J 


7 .a 

lo.a 

7-9 


i.o 


H 

fl,r 

7.6 

B.O 


.h ™ tiK fesi, of tolaj heat refertrd to body aurfa« 

tom] i„ toe idatohip. *hSeh inedve .„me leng.h f»to, ».cl. 

„ ’° siaieg height or 

sittmg he,gh. .tored. end when the tolal hea is divided by the 
he,ght W Ihe sdHng height or h, Ute siaiog height squmd to 
reterred to to avemi other (aetors. the order of predirtioil is very 
aaich ^proved. Of to l»Jf htomd medtod, of predieUoa tod 
m a e ..a ptoy number show an accuney of ± 6,3 per cent, 
or bcaee, and in limiting the seleclion of to b«t method of pie- 
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diction to those methods showing an average dciinadon of pre^cted 
from actual of ±6.j per cent, or hetter. we see that all prediction 
methods involving the weight element and the surface area elemCTt 
are, esecept in one instance, immediately ruled out, But even with 
the limited selection, the determination of the most practical or 
best method of prediction among this selected group is still somewhat 
involved and we have recourse to another factor, namely, the diS' 
tribution of the individual pereentagc deviations outside of the 
de™tten* 

In Table III-, the data are collected for those bases of prediction 
only with an average accuracy of 6.3 per «nt, or better. This 
tabulation dtows the actual number of girls in the series of 56 
studied whose deviations in predicted metabolism are outside the 
average deviation, the number outside zt 10 per cent., and the 
number outsidi; d: t5 per cent. 

A general inspection of the table shows that the nin^e of ac- 
curacy in prediction is from ^ 57 ® central 

tendency for the average to be about 6.0 cent The number 
of individuals outside the average deviation is veiy closo to 22 or 
25, the number outside the dz to per cent, range is from 91® ^5. ®rid 
the number outside ± ^5 P®*" from 3 5 > Seemingly 

is but little to differentiate the best method, owing to the small 
(statistkally speaking) number of individuals that we are working 
with, and hence the advantage, from the practical standpouit, must 
lie with that mctliod involving tlie simplest measurements. As 
tlie height is invariably recorded and it is necessa^ for this senes 
of girls to compute tite sitting height from the height, the relation- 
.ship between the total heat production and the height is selecte as 
tlie most practical method of predicting, although it does not ^ve the 
absolute minimum .^ue in the accuracy of prediction, as shown m 
Table HI. The average error is d- 6.0 per cent., there are 23 girls 
outside the average de^dation, i. girls outside ± 10 per cent., and 
4 girls with a prediction error of ± iS per cent, or more. 

The curve for the total heat production referred to height is 
given in figure i. the data for 57 kilograms in weight 

being plotted as well as the data for the 56 girls above 10 kilograms 
in weight. Through the plotted points representing the total heat 
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as iD^iired and tbe stature has been sketched the curve represent¬ 
ing the general trend of the metabolisirip as dtiLlined by five workers 
independentty. In figure l have not indicated the girts below 
lo kDograms by special points^ but in general those girls below yS 
centimeters in height are those weighing under lo kilograms, 

TABLE 111 
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From this curve we have also predicted the metahatism of the 57 
girls below 10 kilograms in w^efghtp and find that the error of pre¬ 
diction is on the average ±: 10.9 per cent, with 38 individuals falling 
outside the average and 16 outside of ± 15 per cent. This average 
accuracy of ^ 10,9 per cent, betters appreciably the ^ it.S per cent, 
recorded in Table 1. for the 58 girls below lo kilograms in weightp 
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when ttie poediction was based on weight^*^ and is also better than 
the 11,6 per cent, found wlten tbe prediction was based on 
surface area. 


Cat*. TOTAL HEAT REFERRED TO HEIGHT GIRLS 



Fig. l, BmI heat production of gtrU per 24 hoars referred to bcifibL 
The dots rcprcsaat girh ftom i wedc old to 13 jwr$ old ^ the crD «50 repre¬ 
sent the gmup^ of Gid ScouJa: the arrow indicate^ the average v^tie foi 


tD3 adult wopidL 

The curvT in Fig. 1, therefore, by every test proves il3 superiority 
to the other niethods of predicting: the metabolism of girls from birth 
to 12 years of age, and it b dear that Benedict and Talbot, instead of 
stressing the weight or surface area* should have recognked tlie great 
significance of length* cither in its simpler form as total stature or as 

=^Oii the weight baji§^ data were avalise for sS girts bdow to kilo* 
grams, birt on the height basis the data for only 57 girls were availabte* as r» 
height wai recorded for one of the girls. 
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sildTig: heightp which was so much eiriphasized by Pirquet and later 
by Dreyer. With diildren from birth to pubertVp to be sure, one 
would expect to find a close relarionshjp bct^veen a^e and height 
and weight, hut w'htle age and weight are both related to heat 
pToduciion, the heat is somcivliat more closely related to height than 
to cither age or weight. 

Between puberty and 21 years of age, when the adult formula 
for the prediction of the heat production of women applies.™ there 
is still a period of 3 years to be considered, which is represented 
by the Nutritioii Laboratory measurements of Girl Scouts.™ These 
Girl Scout values have been pliatted in Fig, which indicates the 
general trend of the total heat production when referred to height, 
and the curve for girls up to 12 years of age (or I j8 cms. Ln height) 
has been extended to pass through the cluster of Girl Scout data. 
The coitsidcration as to whether tins section of the curve may be 
used for predicting the meta-holism hetweeti i2 and 2 i years of age 
brings out two Facts, In the first placCp when one attempts to use 
tills curve to predict the metabolism of the Girl Scout grmipSp one 
finds that the ir groups are predicted on the average tvith an error 
of 4.2 per cent., with 3 groups outside the average and one group 
more tlian 10 per cent from the central line. Thb accuracy of pre¬ 
diction is measurably poorer than the accuracy found (i.e.p drea db 
34 per cent.) w^hen, as in the original treatment of the Girl Soout 
data, weight, age. and surface area alone were considered and the pre¬ 
diction curve was based only on the Girl Seoul data, with no attempt 
to blend the curve with the curve for the younger girls, 

A second and more important fact is to be considered in deter¬ 
mining whether this curve showing tire heat-height rdatlonship is 
the best one to use in predicting the basal metabolism of girls in 
this age range. From the Girl Scout measurements we find that 
all the groups of girls (each group containing 12 girls) between 
12 and 18 years showed essentially the same tola! basal metabolism, 

5* Harris quiI BciJciljct studied a few girls UTwicr 2E ytari oI age, but 
their prcdicticm tables 6.0 rot apply belpw ai years. 

” Beiicdict and Hcniln'', Med. [TH(i Joarn.f. pp. 

3 I 7 h a57i 3^17, and jag-; Benedict, Hendry. Baker. Pror^ Nat 
Sri., 1921, Tf p. 10; also^ Bcnoliclp Paxton Mrd. loum., 1923, 

iS8^ p. 127, 
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the average for all the groups being not far from L25^ clones. 
Since ihe younger girls were likewise smaller in weighty shorter, 
and of snmller surface area, the heat production per kilogram of 
body vveight and per square meter of body surface was specifically 
high with the younger, i.e., shorter and lighter weight girls. From 
Fig- 1^ in which the total metabolism is referred to height, it is 
clear that as height increases total metabolisin increases, while the 
Girl Scout findings show that the total metabolism remains essentially 
constant belween 12 and 18 years of age In spite of an increase in 
stature from 150 to 165 centimeters. The curve for total metabolism 
referred to height implies a continiialty increasing metabolism with 
increasing heiglit, contrary to the Girl Scout findings^ and hence 
the usefulness of ihe curve for predicting beyond 12 years (or 13S 
cmg.) is immediately challenged. It is important to hear in mind tliat 
the direction of tliis curve %va5 determined solely by tlie meastirements 
on children, but it should be pointed out that the average heat 
production (1.34^ calories) at die average height (162 ems,) of 
the 103 adult women studied by Harris and Benedict would He 
about 4 per cent, above the mn^e as at present drawn. This 
average point for the 103 women is indicated in Fig. i by the arrows 
The recent publication by M iss Bedale of a aeries of measure¬ 
ments of basal inetabolism of young girls confirmed the Nutrition 
Laboratory' findings of uniformity of total metabolism with the Girl 
Scouts. Thus, her data for girls show that on the average the basal 
heat production per 24 hours is 1402 calories at 12 years, 1478 
calories at 13 j-ears. 1456 calories at 15 years, 1,363 calories at t6 
years, and 1^349 calories at 17 years. From these data one can draw 
the conclusion tliat her girts 12 to 17 years old also bad essentially 
tlie same basal metabolism, f.c-H not far from 1400 calories. That 
this \^ue Is measurably above the 1,250 calorics found for girts of 
similar ages in the Nutrition l^boratory^ series is not of stgulficance 
at this time.’" 

“Bedale, Fr&e. Foy, S^e., London, ic^33, Sef. B* 94 . Table I., fi. S75- 
It should be pointed oui here^ bowever, that tin; of Miss 

Bedale's data later m this text is based not upon these average values hut upon 
fninifFiMMi figures sdcsctfd from the detailed data kindly placed iii our hand* 
by Mtsj. Bedale, 
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In an unpublislitd series of metabolism me-asurtments on girls 
made by Miss Grace Mact^od of the Department of Nutrition, 
Teachers College, Cotumbia Univer&ity, New York City, certain 
pertinent data are also to be found. The deiaiJed data have gener- 
□tisly heeti placed at the disposal of the Nutrition Laborator}' and 
from these data it is found that the hasaJ 24-hour heat production 
was on the average l^S ^‘alorics at 12 years, 1.365 calories at 13 
years, and 1.30S calories at 14 years. In other words, among her 
12-, 13-, and 14-ycar-Dld girls there was also a uniforTnitj" in the basal 
metabolism, a fact which further cotifirms the findings from the 
Girl Scout data and Miss Bedale^s data. 

Thus three independent series of measurements are m agreement 
in the finding that the basal metabolism is essentially constant with 
girls from 12 to 18 years of age, independent of w'eighl, height, 
or age. To neglect this finding in a proposed method of prediction 
seemed w'hoUy unjustifiable, and consequently still another method 
of prediction was studied in an attempt to throw* light upon this 
problem. 

In many of the numerous curves it was often noted that those 
girls farthest away from the centml tendency were quite apt to be 
somewhat over or under weight, although tn the original selection 
of material every precaution^* was taken to avoid obviously path- 
ological children. This seeming correlaciou between the deviation 
from the general trend and the weight, or rather the weight-height 
ratio, brotfghl up vivddly Pirquet's second important point, namely, 
the classification of children according to some nutritive index such 
as, for example* the pelidisi.** The pelidisi for each chUd was 
therefore computed ** and the values for the total heat production 
were then divided by the pelidisi. On plotting tliese quotients 
against increasing height (as shown in Fig* 3). it ivas found that 
there was a distinct tendeT3C3^ for a straight line relationship with 

See discsiSiHffi: and deTnonSitration <sf imrmaljty of children used in the 
sttfdy (Benedict aod Talbat. Carnegie Inst Wash. Pub. No. 30^^ 1921, pp_ 
32 cl scq,). 

Pirquet, “Aa Outline ot the Pirquet oi KutritiDis,'* Phitadpt phta 

and Lon< 3 tiii, 193a, pp. Sg ei seq. 

■* Grnber's atature iwics was also oomputed for each child aTid fouDd 
to be rather closely carxetated with the pelMiai, so it was deetned EuincKssary 
lo make ai^ prediction do this basis. 
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girls from about 3 months of agCn 60 centimeters in heigbL up 
to and mdtidjfig the Girl Scatit groups. It then seenicd desirable 
to see whnt this relationship would be with the 103 normal women 
studied by Harris and Benedict Their pelidisi were consequently 
computed and the factors for tlie total metaboltsm divided by the 
peiidisi were plotted (not shown in del^ in Fig, 2), also referred 


TOTAL HEAT 


REFERRED TO HEIGHT 


GIRLS 


PELIDtS I 


dicates the average value lor Hus adult womHL 
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to height. THe scattEr of the indiddual points was very wide^ atid 
yet the central tendency was clearly m line with the straight line 
found with the children, as shown by the average point for the 
womert plotted tn Fig. 2 , which lies about 3 per cent above the line* 
It is important again to emphasize that the line in Fig. 2 was drawn 
without any regard to the average value found for women. 

In the entire age range, therefore, from 3 months through adult 
life a reasonably straight line relationship was found with girls and 
women for the total heat prodnetion divided by the pdidisi (a 
distinctly arbitrary' procedure, to be sure) referred to hcighL The 
true significance of this finding appears later^ when comparing the 
Nutrition Laboratory scries of measurntnenls on girls with other 
series. Using this straight line to predict the metabolism of the 56 
girls in the Nutrition Laboratory serieg abo%'e 10 kilograms, we find 
an average error in pTedictfon (see Table lY.) of ±: 7.2 per cent.^ 

TABLE IV. 


STtruy OF THE Accuiacv cn the PiiEJ3tcnoK nr the Basae of 

Gtbt s from the Pelhusi the Ace, HeichTp Oft 
SmrsG Height (Squaf^}. 
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7J 
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^3 

13 

3 
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4 
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D 

103 WOUWB., .. . 

7-3 

4* 
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“^Thc total host dmded Iby the pditlisi waA alio referred to weighty but 
tlic scatter the rnrlivid'oal ^ints was too tvide to justH]^ tbe lajhig cn of a 
curve aiad prcdictimis there [rom. 
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wth 33 girls outside the average deviation. 15 outside ± 10 per 
cent., and 6 cutaide ^ 15 Tliis order of accurao' does 

not compare favorably with that for the prediction of total metals 
olism referred to height, but it is to be noted that if is actually some¬ 
what better than the heat-wei^kt relationship prnnausty suggesteii 
as the most practical for prcdicikiH purposes^ 

Momentarily disregarding the straight line and by the usual 
procedure sketehtng a curve tlirough the individual points represent 
ing the total metabolism divided by the pelidisi referred to height, 
we get a curve somewhat off the straight line, giving> however, an 
accuracy of prediction considerably belter than on the straight line 
basis, i,e., ± 6.2 per cent for the 56 girls above 10 kilograms in 
weight. 

For the ages rtpreKfited by the Girl Scout dsta^ i.e.j 12 to iS 
years, the prediction from the pelidisi and the height has an order 
of accuracy for the Girl Scouts on the basis of the straight line 
relationship of = 4*S per cent., and on the basis of the relationship 
expressed by the smoothed curve of -±1 4.9 per cent., values again 
larger than that obtained with the heat-height prediction curve of 
^ 4_2 per cent, and, correspondingly, larger tlian the value of about 
It 34 per cent, obtained in the original Girl Scout predictions, on the 
basis of heat per kilogram of body weight and heat per square 
meter of hodv surface referred to age and weight. 

For the 103 women the order of accuracy on the basis of the 
straight line relationship between height and total metabolism divided 
by the pelidisi b ± 7*1 per cent.. U, a somewhat wider deviation 
than the devbdon of ±: 6 3 per obtaining in the prediction by 
the Harris'Bciiedict formula for adult woiucn. 

While, therefore, from the standpoint of general physiology it isn 
significant fact that when the state of nutrition, as expressed by the 
pelidisi, is brought into play a straight bne” represents the heat- 


w IWi* aiHi Benedict. C^n-egi* Inst. Wash. P^h. No. =79. P- 
»T It win be iwtcil in Table IV. that we also predicted the snetabolum 
from the pelidisi aad i«e and aiuing heiabt (suaarrd). b,rt in our t«t As- 
ciission vfc have laid speaal emphasis upon the straight-lme fMiman with 
reference to heigirt. os this implies a liighcr degree of physiological prob- 
fibiLitj of cornJ^bon- 
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height relattonahip betTrt'een 3 months of agu and full mattirity, for 
the practical purpose of predicting rnetaboliam this relationahip 15 not 
of so great value as the ibuple heat-heighi relationship for girls from 
birth to puberty, and for adult women gl ;>i years and above the 
prediction is better made by a formula considering age, height* and 
weight,"" 

There nzmains the age range from 12 to 2o years to be still 
further considered > The Girl Scout \'alues have been marked as 
very low by many observers. In fact, the qiieslion has been raised 
as to whether the metabolism of girlg in bed ae 4 asleep, is not 
lower than tliat which is commonly called basal. Tilts accentuates 
in a striking manner the criticisin of Krogh^“ and suggests that bis 
term standard mctaboLiani ** is more logical. The couditiorts dur¬ 
ing the experiments with the Girl Scouts were admittedly different 
from those obtaining in basal metabolism rneasurements in the or¬ 
dinary cUnic or physiological laboratory. The girls were sound 
aateep. well covered, and tlioroughly relaxed, in an envirormiental 
temperature of ao" C., and the lowest rninimimi value observed 
during the night for the group was selected as the basal value. On 
tlie other hand, the measurements were not made the traditional 
12 hours after the last food^ Yet the relalively few Tcspiratory 
quotients actually measured suggested that the effects of the light 
supper (consisting mostly of carbohydrates) had passed off."*" 

The question then arises — Is steep per se a depressing factor of 
such moment? The Nutrition Laboratory 1 ms accumulated a rather 
large amount of data on subjects asleep and awake. This is not 
the place to discuss the data, as die research is still in progress 
(necessarily very slow, as the opportunitv' for such measiiremeotg 
occurs only rarely). The picltire thus far is by no means uniform. 
As regards the Benedict and Talbot series of girls from S to 12 
years of age^ who were studied in the New England Home for 
Litde Wanderer^, very carefuj records were kept with regard to 
whether the girb were awake or asleep in the clinical respiration 
chamber. On a number of the curves which we prepared in con- 

■•Krogh, Respiratorjr Exchange ol Animak amj Londnn, 

1916, p. si 

“ A very recent and careful study by Professor Bliml BioL 

1524, jp, p. supporta this couciu^im. 
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ncction with this study wc indicated those girls who wdte awake 
through the entire experinnent, those who were asleep throughout 
the entire experiment, and those who were both awake and asleep. 

It was subsequently fouiitl that in this age range front 8 to 12 years 
essentially the satne number of points for girls awake or asleep or 
pardy awake and asleep were each side of the line indicating the gen¬ 
eral trend of metabolism. These data, therefore, seemed to indicate 
that the effect of sleep was negligible. But. on the other band, 
the few Girl Scout periods avaitabte suggested a profound decrease 
in metabolism during sleep. 

Although the question of the influence of sleep is still held in 
abey’ance, it seems unwise to raise the standards arbitrarily, but 
of course this could be done. In the bdicf, however, that the 
metabolism would best be expressed as near basal as possible, a 
series of recommendations for the prediction of the metabolism of 
fen^iales from birth to full maturity is here given, based upon these 
studies with girls, women, and indeed infants. 

There has been no new contribution to the data on the metabolism 
of new-born infants since the extensive scries of measurements 
by Benedict and Talbot, and hence the method of prediction rec¬ 
ommended by ihem ^* is still the best in existence. It was found 
that there was an intimate relationship between the heat production 
and the length and a formula wek devised to take into consideration 
both the length and the body surface. This formula, wluch is ap¬ 
plicable to both males and females, is as follows 1 

h = lX 12.65 X to -3 

in which h equals the total heat production per 24 koiirs. I eqw\s the 
length in centimeters, and w the W'elght without clothing, in grams, 
while 12,65 is a constant representing the average calories 
square meter per 24 hours per centimeter of length and lO.J ^ vi^ 
represents the body surface of the child. Owing to the very unstable 
lieat regulation of the new-born infant during the first day of life, 
Benedict and Talbot suggest tliat no predictions can he made with 
anv degree of accuracy until the child is days old, and tWs 
formula is reconraiended for children from to 6 days old. 

« Benedict and Talbot, CariWEie hist. Wash. Pu 3 >, No. 233. rgts, to®* 
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After 6 days of age and up to 12 years (Le„ from 48 to 13S 
centuneters in height) it is necotumended that the predictiDns be 
made for girls on the basis of the cune for the total heat production 
referred to height (see Rg. i>. Accordingly in Table V. we have 
given the basal 24-honr lieat produetton predicted from height for 
girls in this age range, that is. with heights from 48 to 138 centi¬ 
meters. 


TABLE V, 

Basal ai-Hona Umt PaoDgcnoir of Gibls fiusi the Fjsst Week Arrea 
Bma TO la Yeabs of Ace, Phepjc teii raoit Heicut 
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For girls from 12 to 20 years it has been shown that this heat- 
height relationship does not hold, and hence h is recommended that 
for this age range the predictions be based upon the relationship 
between the heat production per kilogram of body weight and age. 
as illustrated in Fig, 3 and tabulated in Table While this 

« Previously publisiwd hy Benedict. EtnHm Med, and Surg, Jgttrn loaa 
ISS, Fig. a, p. IJ4, and Table V, p, 137. ' 
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recamineiifktioti is based etdiisivdy upciii the Girl Scoiit work, 
it is important to note that the GSrl Scout work did not inclode the 
range between l8 and 20 years, and we have therefore projected the 
curve id Fig, 3 as a straight Une be tween 18 and 21 years. 

TABLE VT, 


Ba5,u^ Hfat piiioucTros Peb Kilocbau or Bqdv WmnyT Pei 24 Hdtjbs 
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For adult women 21 years of age and over the formula given by 
Harris and Benedict *^ is still reconimended, that is^ 

h = +655.0955 + 9 ' 3 < 534 «^' + ^ -^496^ — +675^ ■ 

where h equals total heat production per 24 hours, w equals weight 
in kilognmis, J equals stature in centimeters, and a equals age in 
years. 

At this point it becomes of interest to compare the metaboliBni 
measurciTients made on other series of girls witli tbose of the NutTi- 

Harris arnl Beiudiet^ Canu^gie Init Wash, Pub. No, 5^, p, 227 - 
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tioti Laboratpiy series. Tlie mo5t extensive me^uticnii-nLs with 
which we have become familiar are (r) the nieaimrenietits of school 
childnei] by Miss Bedale** of the L'niversity of Glasgow; (2) an 
unpublished scries on girls (ranging in age from 8 to 18 years) 
made by Professor Katharine Blunt in the Department of Home 
Ecnnomics in the University of ClucagD and most generously placed 
in our bands by Professor Blunt ; and (3) an extensive tinpublisbed 
series on girls (ranging from 10 to 15 years of age) made by Miss 
Grace MaeLeod in tlte Department of Nntiitiort Teachers College* 
Columbia. University, New York City, access to wrbjch data has very 
kindly been given to us by Miss ^lacLeod. How did the metabolism 
measurements of these girls compare with the Nutrition Laboratory 
predictions for the total heat ptoduftioii referred to height* and 
how did they compare wdth the Girl Scout measurements? 

The data for the girls niea5^ured by Miss Bedale^ as originally 
published, are grouped ht such a way that indtvidtial \'a]iic5 tlo not 
appear, but Miss Bcdale Iras very kindly sent iis the individual 
data^ Iti so doing she lias likew'ise written us a very fnmk states 
ment to the effect tliat there are wide variatlotis in her data, that 
she herself is quite titmble to explain. Da the assumption that the 
lo7L*est metabolism values represent basal and that all others arc 
higher than hasal, we have selected from Miss Bedale^s individual 
data the lowest value for each of her girls. On this basts of selec¬ 
tion 30 meastiremenls arc available for compari-son witli the predic¬ 
tion methods recommended. Of these selected nlinhnitm values 
only y can be compared with the Nutrition Labors tori’ predictiort 
curve for the tobil heat production referred to height, since most 
of her girls are over 138 centimeters in height (beyond whicJi height 
the curve is not recommended for predictions). Of these 7 measure¬ 
ments 3 are above and 4 below the prediction curv'e. When tl\e 
metabobsm is predicted on the basis of ihe total heat production 
divided by the pelidisj referred to height (see Fig. 2) and also oti 
the basis of the heat production per kilogram of body weight re¬ 
ferred to age (see Fig. 3), it is found that of the 30 selected vsducs 
two thirds are above the predicted and one third below. To this 
comparison there are, however^ two objections^ ■which only those 
" Bedate^ Free. Roy. London, I9a3^ Ser. B, 94^ g. 368, 
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who have seen the origirtal data could raise. In the first place, 
there are a few values in the original data that must, judging from 
all practical experience, represent either leaks ?n the mask or in¬ 
complete colLecdan of expired air which would result in an ex¬ 
tremely low metabolism, a iriEtaboliam that perhaps on the next 
day^ under better conditions^ might be nearer that normally found 
with cliildren. If one ruled out these feitv ^’eiy low ■values and 
could have available the nteasurements secured under correct condi- 
tions, this would tend possibly to bring above the prediction line 
some of the values now so low. In the second place, a not incon¬ 
siderable number of girls -were measured only once in one period, 
although Miss Eedale had taken the precaution to give them same 
prior experience with the routine- All previous experience in metab¬ 
olism work indicates that the metabolisin measured during the first 
period is apt to he high because ot anxieii" or apprehension, while 
subsequent periods will usually show a lower metabolism. Some of 
the values found above the Nutrition Laboratnry prediedon ettrve 
might on this baa is be lowered and more closely approach the pre¬ 
dicted metabolism. This is not the place to discuss in detail Miss 
Bedale's exccptJonallv well designed stady^ but these two criticisms 
would tend to raise the very lovv values and lower some o! the high 
values, so tlmt on die average these girls would probably have a 
metabolism nol far from the predicted metabolism on the ihree bases 
under consideration. 

When we plot the data for Miss Blunt's measurements on 56 
girls on the basis of the total heat production referred to height and 
compare this chart with the nine gived in Fig. I lot the heat- 
height relationship noted with the Nutrition Lahoratory series of 
girls, we find lEiat the scatter of the plotted points is perceptibly 
above the Nutrition Laboratory curv^e, roughly spealdng about 10 
per cent. Similarlyp when compared with the prediction curve for 
the total heat production divided by die pelidlsi referred to height 
atid with the prediction cune £tJr ihe heat production per kilogram 
of body weight referred to age, her \nlues lie on the average about 
10 per cent, above the prediction curves. 

The data for Miss MacLeods girls cannot be compared with 
the predicted values from the licat-height relationship, since aU but 
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three qI her girls are dver 138 centimeters in height^ beyond which 
point the prediction on this basis does not go. When compared 
witii the predicted values involving the pelidisi, her values show the 
same picture as tfie Blunt data, namely, they are on the average 
about 10 per cent, higher than the predicted values. As a test 
of the iTietliod of precHctiori rccomnitndcd for girls from 12 to 20 
years of age, iramely, on the basis of the heat production per kil¬ 
ogram of body weight referred to age (see Fig* 3 and Table VI.), 
we have computed a\‘erage \‘alues for the metabolism per kilograro 
of body weight from the data placed in our liands by Miss MacLeod- 
With her ta-year-old girls the average of 30 observations shows tliat 
the heat production per kilugram of body weight per 24 hours was 
32.6 calories, a v'aJiie approximately 5 per cent, higher than that pre¬ 
dicted from the Girl Scout smoothed curve. Her 38 nicasufemcnts 
on girls 13 years of age give an average value of 31J2 calories^ or 
a %^Iue about 10 per cent, above the prediction from the Girl Scout 
smoodied ciir\^e. Her 17 observations on i4-year-old girls give an 
average \aJue of 26.9 calories, which is pmcticaJly identical with that 
predicted from the Girl Scout cur\"e. 

The final outcome of these comparisons, therefore, is that the 
Bedale data, with certain exitidsms taken into consideration, agree 
fairly well with the Nutrition Laboratory predictions, but iliat both 
tile Blunt and the MacLeod series indicate a general trend of metab- 
oUsni about iD per cent, higher^ save that on the basis of the heat 
production per kilogram of body weight the 12-year-cild group and 
tlie r4-year-old group of the MacLeod series show essentially the 
same values as the Girl Scouts. It is chiefly in the age range from 
8 to iS years that the data of these two investigators can he com¬ 
pared with the Nutrition: Laboratory series, and the greater portion 
of this age period with the Nutrition Laboratory scries U represented 
by the Girl Scout data, which have been considered by a number 
of writers as too low. The straight line pelidLsi relation.ship for 
the entire age range rc^ircscated by the Nutrition l^iiboTatory series 
makes it difficult, however, to conceive that the Girl Scout data are 
too low for basal measuTements. As has already been pointed out, 
it may be argued that the Girl Scunta were measured during deep 
sleep and hence their basal metabolism measurements may he low. 
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But from the fact that in this straight line pelitiiii relationship the 
data for the adult women represent measurements obtained in 
practically all cases when the women were awake and that die girls 
younger than years ^ studied in the respiration chaiiiber by 
Benedict and Taihut) represent equal groupings above and below 
the central line of those ryho W'cre awake and those w‘ho were asleep, 
it is difficult to assume that sleep alone can acconni for the dis¬ 
crepancy between llie Nutrition I.^bDralofy series and the MacLeod 
and Blunt series, This straight line function, therefore, when the 
pdidisi is brought into cons tde ration, has rather an intpertant hear¬ 
ing in throwing light npon the question as to the legality of using 
tlie Girl Scoot data. If the Girl Scout data are too low and must 
he raised, tlien obviously the straight line function ceases, and in this 
discussion one must heat in mind tliat we are considering the straight 
line function chiefly as a physiological relationship extending over 
a period f rom 3 months to old age. rather than pcrliaps as the most 
idea] prediction inethod. 

On the hasb □£ thia straight tine umctiois witli reference to the 
pelidJ&ik therefore, we arc forted in tlie belief that there was some 
factor entering into the nieaLsurement^ of the Mad-eod and iilunt 
groups that tended to increaise their basa] metnLolisnn A personal 
risit to each of these laboratories has convinced the writer that the 
technique of both investigators is all that could be deriredp and tt 
is quite dear that we cannot explain this difference on the of a 
sysleniatic error. The method ol tesiing the apparatus for tightness 
by placing a weight upon the spirometer before the experiment be¬ 
gins, and iKirticuIarly the method of legating the apparatus tor leaks 
during the experifnent by placing a w^eight on the spirometer when 
ihe experiment is lialf hnished, rules out any possibilily of a leak, 
altliough it b necessary lu point oul tliat a leak in ibe apparatus* if 
it existed, would invariably increase the apparent ahsorplion of 
oxygen and thus explain in part dtis discrefwicy. The writer does 
not bebe^^ that cither of these apparatus leaked or that the inves¬ 
tigators' technique was in any way at fault. 

All conceivable explanations for the discrepancy between the 
Nutrition Laboratory measurements and the Cliicago and New York 
m<^Mircments have been carefully gone over with Profussor Blunt 
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ajid Miss MacLeodi^ and the influence of a hitherto disregarded 
factor appeared to be possible. The girls studied hy the Xu t fit ton 
Lahoraton^ particularly the Girl ScoutSt were measured after hav¬ 
ing been in bed for many hours while (hey were wamip quiestent, 
and in the case of the Girl Scouts in deep sleep. The gtrh studied 
by Miss Blunt and Miss ilacLeod had to leave their iiomes and 
go to the respective laboratories (in many itulances, it is true, not 
great distances), which may have involved more or less stair cUmb- 
ing. The^" then lay down upon a couch the prescrihed length of 
time, half an hour before the begmning of the experiment. 
Miss Bedide's girlsp on the other hand, were measured mote in con- 
fomuty with the Kutrition Lahoratoiy Girl Scoot series^ tliat is^ 
tftey were studied in a school dormiloiy and the apparatus was 
taken to the bedside. The children were therefore warm and 
thoroughly relaxed, and did not have to get up, dress themselves^ 
wash, go outdoors in possibly inclement weather, and then ascend 
the stairs in anotlier building, all prior to the metabobsm experi- 
mdnL The possible itafluence of this activity between the hour of 
arising in tile tnoming and the begarming of the metabolism experi¬ 
ment has heretofore been entirely Ignored. Whether the effect is 
proportianal to the temperature outdoors or the inclemency of the 
weather^ the distance walked or the condition of the terTain^ is 
veiy^ difhcult to state with the present data at hand. We have gone 
over"an extensive series of data with a subject wito has come to the 
NutritTon Lahoratorv' morning- after morning for many years. We 
have drawn off the data tor those days when die walking was very 
bad, die tempemturc low* and the whnd severe, and frankly* vre 
cannot hud anything in the data from this one adult to confirm this 
suggested possible explanation of the difference in the meiiabolism 
measurements of the several series of girls. A further ^uree of 
pcrplexitj^ is the fact that the 14-year-Qld group of girls stitdied by 
Miss MacLeod gis-e an average s-alue for the heat production per kil- 
agmm of body weight which practically identical with that pre¬ 
dicted from the Girl Scout atrve (see Fig. 3), while the 12-year-old 
girls give an average v-alue only $ per cent, above, tliDiigh the 
rather large 13-yearmold group show delinitely a metabolism lO per 
cent above the Nutrition Laboratory series^ 

As stated elsewhere in this paper, one of the most important 
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ffiatures m the mca^itirciiient of basal metahalistn is the compaxisQH 
of the metabolism of a patliologtcal case with what h supposedly 
normal. Il, therefore, a girl is measured under ordinal^' conditions 
in the dink or doctor's office, where prior to the ineasurenietits she 
has had to go through the estercbe involved in arisingt thessLcg, 
and getting to the laboratorj', and if under these conditions she has 
a mctahoH&m that is lo per cent, above the Nutrition Laboratory 
standard, it is quite dear that, based upon the Chicago and New 
York work, this can be wholly disr^arded. What is to be tlie case 
if die girl shows a metabolism 15 or 20 per cent, above ? Certainly 
no one would justify a diagnosis of an ahnormal metabolism on this 
basis. The sattsfaclorv' procediine would be to have the girl spend 
the night in the hospital or, indeed, her linme and measure her melat^ 
olism in the morning immediately before arising/* On the other 
hand, if the metabolism is found to he appreciably lower than the 
Nutrition Laboratory’ standard under the conditioiis outlined above, 
it is quite likelv that one is dealing with a girl who is somew'hat below 
par. In clinical measurements, when the subject tomes to the office 
after a wnlk or after the general activities incidcutal to getting up, 
dressing, etc., the metabolism may be distinctly higher*^ than that 
measured in bed when the subject is quiet and asleep+ under ivhich 
latter couditiofi more nearly ihe true basal %'alue w^ould be obtained. 
Our recommendation would be^ therefore# that in such measuretTients 
as are made in the office or the clinical laboratoiy in the hospital 
one must rccogotze the possibility of a difference in metabolism, _ 

In these predictions it is obvious that the corrcMtton betw^een 
height, vi'eight, and age (which is noniially found with children) 
obtains. It is quite dear that wnth children of excessive w-eight, 
witii marked obesity^ the prediction curve involving only height will 
not predict what is actually found. It is again to be questioned 
w'hether such children do not come under the head of pathological 
cases. The Nutrition Laboratory has maintained that the basal 

«WLtJ!i the new student farm of rcspiratiiTa apfAralus (described by 
Boicdsct Bid Eeuedicip Bosi^n Aled. Q$td Surg. /prrni., 1923+ /JflT* p. 567) the 
prercetiure h tfiarauehly practical* as the Bppaiahis is romplelely portable, 
uecdbig only to be supplcrncntcd by a sdibII cylinder nf oxygen. 

This factor should be immediatety imvatiEaied and reported by as 
many OS pps^ihlc of the army of dinidans now equipiied willi the newer 
toTTus of respirBitott apparatus 
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ra^taiiolism of die nomial child is first to he kdowo and should be 
the standard of reference for all others. If aUowances are to be 
made for excessive weight or for decreased weight, such allontitices 
can come later with a better tinderstanding of the subject, Goase^ 
quently, while we freely admit that other methods of prediction may 
be (for tile time being, at least) of more hdp to the dinidan and 
more practical from his standpoint^ we still feel that the closest 
approximatiaii to tlie real basal metabolEsm is that wliich should he 
reported. Hence in thb connection we have given oiir recoinmenda- 
tions for the closest approx Lmatjon to basal, frankly stating that, 
if girls are found to be lo per cent, above this standard, the W'ork 
in the New York and Chicago laboratories definitely proves that, 
measured under the conditions ordinarily obtaining, this increase 
of iO per cent is without any Bignihcauce wliatsoever. If the in¬ 
crease is found to be OT per cent, above basal, before concluding; 
that the metabolisnii repre:sents a pathological condition, the child 
should be studied after a night's repose in bed. 

Summary. 

Eased upon an analysis of tlie Nutrition Laboratoiy' serk& of 
measurements of infants, young children, Girl Scouts, and adult 
women, it js found that a most important factor correkting with 
basal metabolism measurements is heiglU. The importance of in¬ 
troducing some index of the stale of nutrition, such as Pirquefa jieli- 
disi, and the fact tfiat the total 24-hour basal heat production divided 
by the pelidtSi referred to height shows a straight hoe rdationship 
from 3 months to adult life further justibes the emphasis laid upon 
tlie height element in basal metabolism predictions. For new-bom 
infants, both males and females, from to 6 days old it is recom¬ 
mended that the formula invoh'ing length, previously published by 
Benedict and Talbot, be employed in predicting the metabolism. 
For girls from i week to 12 years of age a new method of predic¬ 
tion involving height alone is recommended. From 12 to 20 years 
of age the metabolism of girls may at present be best predicted from 
the curve based upon a scries of experiments with Girl Scouts, 
stKkwing the beat production per kilogram of body weight per 24 
hours referred to age. For adult women zi years and nver the 
formula of Harris and Benedict for women, im^olving age, weight, 
and height, is retained. 


SOME NEW EXPERIMENTS IN GR^WITATION, 

By CHARLES P BRUSH, 

(Read AprM j6, 

The writer outlined "A Kinetic Theory of Gravitation"" before 
the American As^ocintjon Por The Advaticemeiit of Scteiice in 
December, 1910.^ Since that time he has presented several papers 
On the subject of gravitation^* the last one at the generai meeting of 
this Society- in April, 1923. 

That paper was chiefly descriptive of apparatus and method for 
comparing the velocities of freely falling bodies in two altuninnni 
ccmtainerSp alike in size^ shape, and smootliness of surface* and 
dropped simultaneously^ side hy side, through cs^a^fty the same 
distance (about 122 an.). The description was freely Elustrated 
wdth plates and diagrams. 

Each container, at the end of its jonmey* breaks an electric cir¬ 
cuit. But the breaks of both containers are in series in the same 
circuit^ so that the break which occurs first produces a bright spark, 
while the belated break gives no spark because its circuit is already 
open. 

When the containers are equally loaded with tiic same metn!, there 
is no visihk spark at either break or a very feeble spark at one or 
the other indifferenll» But when they mre equally loaded with 
certain different metals, one container persistently produces a brig^ht 
spark, though the containers are always reversed m position for 
each trial. From this it seems dear that the cuntamer giving the 
spark falls a little faster than the other* This sparking condition is 
dearly manifested when the faster container reaches the end of its 
free path as little as .Q125 mm. (,0005 inch) in advance of its neigh¬ 
bor. Tliis indicates a time difference about 1/400,000 second* 
(During their half second of falling the containers acquire a velocity 
about 4900 cm, per second), 

^Sdmet, March lo, ism: Minth 23, igii. 

= Pnjf, FhiL Sac., Vol. Ull., No. atj. Januar>-llay. 1514; Vol. lA, 
No. a, 1031; Vol. LXI, No. 3. toaa: VoL LXIl., Net 3, 1523. 
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Some of the metals show very many times greater difference in 
falling Velocities than the near minimuin indicated above (aboot 
i/iOQ,OQo) and the paper referred to describes a method of ap¬ 
proximate measurement of the kg of the slower contaber. 

Following the presencation of the last paper referred to, many 
comparisons of metals and other substances were made with every 
precaution that could be thought of to avoid error, and in the light 
of much experience with the apparatus. The general results are 
embodied in the Table of Relative Falling Velocities -* herewitlL 

Tabt^ of HEUiTivE Falung YzLonTues. 

Fiijf. Platiuiijn. 

Gold coin. Tungsten forged. Lead, 


Bismuth. 
Zinc, Tin. 


Aluminum. Magnesium, Carbon, Silicon, BDroij, Water. 


Stow. Sulphur, Setenfum. 

The spacing of the lines indicates approximately the relative veloc¬ 
ity differences found. Differences, if any, between substajices ar¬ 
ranged in the same line w^ere too small to l>e appreshabJe. 

The observed difference in the falling velocities of platinum and 
sulphur (lag of the sulphur) is approximately .02 cm. in the 122 
cm. of fall I or about r part in 6000. 

The quantitative value of Jiitic in the table is somewhat uncertain, 
for reasons indicated in former papers, and later in the present paper. 
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It seems si|^ificaDt that the fast-faJling; metais, platinum, gold, 
tungsten and lead ail have high atomic weight, and densitr* Lead, 
though less dense than the others, has higher atomic weight. Yet 
bismuth^ with virtually the same atomic weight as lead, and Utile 
less densitj', is considerably slower, 

Aluch lovrer down in. the scale of velocities we find the elements o£ 
comparatively very low atomic Aveights and small densities; aJumi- 
num, magnesium, carbon, silicon, boron (and water) with no ap¬ 
preciable difference in behavior. This also seems sagnificaEt, 

Sulphur and sclcniuni are in a class by themselves, being much 
slower tlian the light elements last ref erred to. Much care W‘as 
taken to make sure of tliis^ Tliey were always melted in their con¬ 
tainers, and each W'as checked repeatedh', and verj' satisfactonly, 
with alutninum and carbon. 

It W"as rather expected that tellurium (also melted in its container) 
w^ould. on account of its chemical similarity, behave mneh like sul¬ 
phur and selenium. But it did nolhing of the sort. On the contrary 
it behaved very' much like zme and tin. Probably this W'as due ta its 
comparatively high atomic weight and density. This again seems 
significant. 

In general them^ it appears that the metab of very high atomic 
wreight and great density have the highest failing velocities. And 
elements of very low atomic weight and small density have the 
lowest falling velocities* while clefiients of intermediate atomic 
W'eights and densities (zinct tin and telluriiim) have intermediate 
falling velocities or mass-w’cight ratios. 

Allotropic condition seems not to affect mass-weight ratio. Thus, 
Acheson graphite and electric light CArbon showed tin diff^ertnee in 
falling velocities. And ihe same ivas true of ordinary' yellow sulphur 
and its gtitta percha-like modification obtained by melting at a much 
higher temperature; though much heat energy must have been ab¬ 
sorbed and rendered latent during the change. 

In a former paper it was show^n that " fusthle alloy ” behaved the 
^me a.s its constituent metals mixed but not alloyed. 

Only one experiment has been made involving chemical conibi- 
n at ion. Lead sulphide (galena) was found a little slower than 
metallic lead. As nearly as could be estimated, it behaved like a 
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mixture of lead and sulphur in the proper proportions to form tlie 
sulphide. Apparently;, in this case, diemical codibifiation does not 
a£ect mass-^velgbt ratio.^ The writer thinks this is probahly true 
as a general proposidon, though of course a single isolated experi¬ 
ment is bnt a small step toward establishing it. 

In the hope that some dose relationship might be found between 
the observed falling-vdodties of the dements tested, and tlieir 
physical or chemical properties or corabinations of properties, a 
table oF all the common elements was prepared, arranged in the 
order of their densities. Tn parallel columns were placed the corre¬ 
sponding atomic weights, atomic numbers, specific heats and thermal 
conductivities both in terms of weight and volume. But a careful 
study of this Table failed to shed any new light on the subject. 

It was thought that something of value might be learned by com¬ 
paring the transparency for opacity) to very hard X-rayg of equal 
weight-thicknesses of some elements. To this end discs or cylmders 
of 24 elements, iucludJng all those shown in the Table except boron, 
were p^pared of thicknesses inversely proportional to their densities; 
so that the X-rays nfust pass through equal weights of the several 
dements before reaching the photographic plate below them. Thus 
the platinum disc was only Alj cm- thick, while the magnesium 
cylinder was 1439 cm, high. All were mounted in a circle of holes 
in an aluminum plate or carrier, placed directly over the photo¬ 
graphic plate with only the usual orange and black papers interven- 
ifig. The photographic plate was hacked by a thick lead plate, and 
the whole outfit was rei^olved in a horizontal plane by clockwork, 
around the center of the circle of specimens; thus securing equal 
exjKisure to aiL Several revolutions were made during an exposure. 

The hard X-rays were furnished hy^ a Coolidge tube with tungs¬ 
ten target, and exdted by 200 Kv^ The target was placed i meter 
above the photographic plate+ and the rays were filtered through a 
3/4 mm. copper plate and an aluminum plate. 15 or 2a seconds 
exposure was found suitable. 

Prints from the negatives were made through a wide range of 
exposures under a ttingsten lamp, while the n^atives were revolved 
as before^ to secure uniform exposure. 

The prints are beautiful and extremely interesting in several wa.ys ; 
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but while they show strong contrast between the ptatinum and 
aluminum groups, they do not disclose an^'thiug more specific. 


Toward the close of last year's paper the writer cited reasons for 
believing that the mass-wdght ratios of some metak. particularly 
bismuth and rinc, art not constant, but vary slightly with physical 
condition. In other words, that a constant mass, or quantity of 
metal maj' be appreciably changed in weight by changing its physical 
conditiDn. 

The writer has been earnestly at work on this problem for six 
months or tnore^ and occasionally Icng^ prior to that^ principally 
endeavoring to find a practicable method of attack; and has so far 
succeeded as to leave very little rooni for donht tliat actual weight 
changes are being effected. The observed effects, though sniall+ are 
several times larger than the probable experimental error. 

The best method of procedure thus far found consists in certain 
beat-treatments of the metal, to bring about a defimte molecular 
condilionT before the first weighings This is essentiab After weigh¬ 
ing, the metal is sithjecled to more or less drastic mechanical treat¬ 
ment, nsually in several stagesi with occasional periods of rest to 
permit the spontaneous changes which sometimes occufj and re¬ 
weighed after each stage of treatment. The treatments are so epn- 
ducted as to preclude any loss or gam of substance- 

The refinements of weighing and precautions against error, de¬ 
veloped through many years of experience Jn refined weighing, will 
not be detailed here but leser^'ccl for a future paper^ after this fasci¬ 
nating subject of weight-change has been more fully exploited. 

Dleveland, Ohiq. 

April, 1^24. 


THE AMENDING PKOVISION OF THE FEDERAL CON- 
STITLTTION IN PIL'VCTILE. 

By HERMAN V. AMES. 

{Sitad .-ipril 94, 

The constitutional dcvelopmeots during the last decade have di¬ 
rected more attention to the amending process of the Federal Consd- 
tuden tlian at any rime since the adoption of the three recotistnicdon 
amendments, during the years 1865-1870. 

The siiccessice addition of four amendments, the sixteenth to 
the nineteenth, within a period of scarcely more than ten years 
( i9O9-:?0), after an interval of some fortj’, during which no amend¬ 
ments had been seaired, in itself is sufhcient to challenge attention. 
But when we consider the fact that at least three of these four 
amendments have affected profoundly the private and public life of 
the people, and recall the agitation accompanying their prnposal and 
ratification, as well as the difficulties encountered in enforcing the 
eighteenth amendment and the laws made in pursuance thereof, we 
h^in to realize some of the factors that have combined to make the 
subject of the amending power a problem nf vital interest. 

Moreover, several important constitutional questions qf proced¬ 
ure in connection with these recent amendments, especially the eight¬ 
eenth and nineteenth, have been judicially determined by the fed¬ 
eral Supreme Court, and this has led to attention being focused on 
the provisions of Article \\ This Article, it wHlI be recalled, provides 
that amendments may be proposed either by a two-thi«ls vole of 
both Houses of Congress or by a Convention called upon the appli¬ 
cation of two thirds of the state legislatures, which in either case 
shall be valid when ratified by the legislatures of or by Conventions 
in three fourtbs of the several states, as Congress may direct. 

It is a noteworthy fact that only the first method of proposing 
amendments lias been used, and that Congress always has prescribed 
tile method of ratification by the state legislatures,* 

^Amcg, " Fmposed Amend meuts^'^ 290. (S« note a_) 

62 


THE FEDERAL CONSTITUTION IK PEACTICE. 63 

A review of our history' since the Ccinsdtutlon went into force 
shows that although the number of amendments actually effected 
have been feWp only mneleoip there has been no lack of effort to 
secure many others^ 

A study made by the speaker many years ago^ of the attempts 
to amend the Cotistiuition during the fcrat century of its history^ 
revealed the fact that over thirteen hundred distmet resolutions^ pro¬ 
posing uver nineteen hundred ajiiendmentSj had been presented in 
Congress*^ Dr. Jacob Tanger, formerly a graduate student at the 
University of Fenns3"lviinia+ now connected with the FacuJiy of 
PennsyK^nia State College* at my suggcstioa undertook a similar 
study uf tlte period since March 4^ 1S89- He has completed a sur¬ 
vey of the records to March 4, I 923 ' ^ indebted to him lor the 
statistics for the period.^ In tlic&c thirty-tour years over eleven 
hundred resolutioniii had been p^opDsed^ suggesting over sixteen 
hundred amendments^ or a total for a century and one thirdp of more 
than diirty-five hundred amendments► The small chance of success 
doubtless has prevented the number being even larger. 

As is familiar to all. only fifteen amendments were secured dur¬ 
ing the first century of our history under the Constitution* the first 
ten caniing so soon after the adoption of the Cotsstitution as lo be 
pmcticaltv contemporary with it. 1 he eleventh and twelfth were 

On a few ocrasiocs durhig the first cetilun.^ of tbe l^ry o£ the Con- 
Btitution efforts were tuaile to seenite the caJlmg of Et Ccrniiimfional Convcpfi^ 
ta propose ainenElineiitip iwuhly, Jast before ami duriofi tlic Cm! War peri^ 
and cm two ocpismiui tltercaiter. A review of the efftarts lo a ctmiiMhod 
lo propose mneedments arid aJjso the rcsciluJJons to cause their submissictti lo 
corn'ciitions in the states instead of to the legisEatures to will be found in 
Aiiurn, '■ Proposed Amendurienta,” 23 i- 2 l ?4 

hi more recent yiuu-a sis states, cMefiy Wcfitcm, have luemorialieed Uoo^ 
gresa for such a general couventiorr* while a muabef of others have reqi^tcd 
the calling of such * body to propow an amemimeiit on soiue particular $tjbje^ 
Some Imlividiial^ or pditkat groups tiuit wished a iimdamciital revision of tlie 
Constitution, aa the Socialist Parlyp have al^ aUvocated u genemJ cofivenlicsrL 
^Hentiiin V. Auics* ' The Proposed AmenduietUi to the ConsttUiUon of 
the Uiiitucl States dutiug the First Century of its Hisfry," Annual R^i^ts 
of tile American liiatarical AiMocintitm for 1696, VoU iT.p rP- Wash- 

instoa, 16^7. „ , 

•Mpungraph nm yet piibUsted, also J. Tatiger, “ Atuendmn PrL^mc 01 
Ihc Foicral CMStitHtjcpo,” r^fni-wo* Poiilktil Scimet Revi^, X-,^ 689-059. 
Mtchad Aflgtlo Mussiiian, 'M* the Amendwmt Process too Difficult? ’ . 

♦fon Loti' firt-int", LVII„ 6(14“7!JS- 
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added withm the next few years. Thus, the first tivelve were secured 
in the first fifteen years or by 1804. No further amendments were 
obtained during the succeeding sixty years when the thirteenth, four¬ 
teenth and fifteenth w-ere adapted in the five years from 1865 to 
1S70, registering the resolts of the wat. 

Then ensued a period of over fort}- years before another amend¬ 
ment was adopted, but in the following decade, 1909—20, the last four 
amendments, the sixteenth to nineteenth, were ralifidd. 

Congress proposed four otlier amendments that were not ratified, 
two in 17S9, one in r^rd to the apportionment of representatives 
and one relative to compensation of members of Coiigrcss. The 
third, prohibiting the acceptance of titles of nobiliti', was referred to 
the state legislatures io tfJiO and the fourth proposal in iB6r was in¬ 
tended to prevent the secession of the Southern States, prohibiting 
any amendment abolishing or interfering with slavery within any 
state. Two of these four, the first and the third mentioned, only 
lacked the ratification of the l^slature of one state to have secured 
their adoption.'* 

In addition to the above, eighteen other proposals were approved 
by one branch of Congress during the first century, nine in the Sen¬ 
ate and nine in tile House.* During the first third of the second 
century under the Constitution. Dr. Tangcr’s examination show's that 
fourteen have passed one branch of Congress, an equal number in 
the House and Senate. 

Thus, during the entUe period of one hundrtrd and tlurty-four 
ye^irs, to March 4^ 1923, thirty-two resolutions proposing amend¬ 
ments have passed one branch of Congress and failed of submission 
through the lack of the necessary approv^al of the other legislative 
chamber. 

In the preseut Congress one other resolution, proposed by the 
Senate in 19^5^ bas ag^ain been endorsed by the saine body atid has 
received a favorable rqiort from the House Committee. Tliis pro¬ 
vides for a change in the date for the conveuing of Congress^ and 
the inauguration of President and Vice-President to the first and 
third Mondays in January, respectively^ following the elections," 

^Ames^ Troitoscd Aiaendmects^ 34, 43 , 44^ 186-189, 155-^517, 3do. 

'IbJcL, 3DD. 

*Vole of 63 10 6, February 13, Senate Report, No, 1333, A, 

Mussman^ .^warWruii PoJii'rcfrl XVllL, 115-118^ 
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It is quite possible that this may become the tweotieth amend¬ 
ment, as there is little or no opposition to the proposed change, which 
is regarded generally as most desirable for reasons that are so obvi¬ 
ous that time will not be taken to enumerate them/ Another amend¬ 
ment which was endorsed by the House last year provided for the 
taxation of State and federal securities.' 

A review of the proposals made to atnend the Constitution dur-^ 
ing the first third of its second centtiiy^ is very illiiiiiinating. Many 
of the^, like those of the first century, reflect contemporary prob¬ 
lems and serve as indices to some of the leading issues of the day. 
Many others axe similar to those presented in the earlier period, and 
are indicative of the popular dissatisfaction with certain features of 
the Constitution and the recmrreiice or persistence in the demand for 
their change. 

Typical of this class are proposals to change the melhod of elect¬ 
ing the President and the \*ice-Presideiit, and especially the direct 
election of Senators hy the electors. This latter amendment was 
first proposed iq 1826. It was renewed from tiine to time in each 
of tlie following decades until i8y2. Subsequent to that date scarcely 
a s^sion of Congress passed without its being urged. In the period 
of eighty-six years since its first mtroduetjon it was proposed 
nearly^ tw'o hundred times (198). Five times it passed the House, 
beginning with the fifty-second Congress, only to be blocked in 
the Senate, but finailyp in response to tlie popular demand^ the 
Senate yielded in 1912 and the ratification of the seventeenth 
amendment followed the next year.® 

Various other proposals to change the form of the government 
in some of its features have been presented, but by far the most 
nuinerDus amendments suggested related to the p>owers of the Fed¬ 
eral Covernment, chiefly efforts to extend its scope, the sixteenth, 
eighteenth, and iiineteentli amendments being the successful ones. 

In consequence of the adoption of lliese recent amendments, a de¬ 
cided impetus has been given to the attempts to obtain still further 

'IhSd. 

C^ngrfi 3 io 7 U 3 l Congress. 4tli Session, 7Q4r 700-759. 25^- 

a 2 S 4 . 

Ames 6 l^ 62. 

* January 2j, 19^. 

’Tanger, 6o<MSsia. 


5 


66 


AMES—amending PROVISION OF 


cltang^ in the Ccnstitiitiori. Thus in the last Congress, the sixty- 
seveniii Congress, one hundretl and three joint resolutions were in¬ 
troduced on over two score different subjects (44)+ ten of these to 
change dte method oF amcndniciit.^® In the opening days of the 
present Congress, last December^ fifty-nine proposed amendments 
were presented.^ Many of these relate to new problems sug¬ 
gested for example by conditions arising out of the recent war, the 
development of trusts and monopolies, as well as many relating to a 
\'ariety of hnancLiJ, comtnercial, terrilotial and miscellaneous mat¬ 
ters.^" 

Tlie decision of the United States Supreme Court pronouncing 
certain laws rniconstimtional has led to s^artous proposals to r^ulate 
the exercise of this power by the Judiciary.^* The decision of the 
Supreme Court in 1922 declaring the Child Labor Law of February 
24, 1919, unconstitutional led to the bnniediate introductiop into 
the Congress then in session of over a score of joint resolutions to 
confer the power la question on Congress. At the opening of the 
present session of Congress seventeen similar proposals were Intro¬ 
duced and it is highly probable that Congress will submit such a pro¬ 
posed amendment to the Sme Legislalures for radQcation in the 
near future.* 

Ic h rather surprising, in view of the large number of amend¬ 
ments introduced in Congress and the few secured during the first 
centurv^ that no suggestion w^as made to change the mcdjod of 
amendment until three quarters of the centmy had passed t h was not 
until the Civil War period that the first was presented. In 1864 a 
rEsolution was proposed for the reduction of the majorities required 
both for the proposal and ratification of amendments.^* 

^ Conjrcsjhmi M^irdi^ 1923, tyz. 

^ R^card to December 15, 1923. 

^Fqr an comiiitratioii these projKisah m £rffii9rKfhci»t£i^ Mardi, 

1933^ 17^; FJie FoHtkal Science Revim, XVILL, 

a review of the proposed amcndincnts tu ctirb the power of the 
r:niirts see Dir/ejt, June, 1923, 271^ 

“ Child Labor Tas Caw, 259, U. S. aa 

* Since this written Ccmi^rc:^;, qn jtme 2 , 19^ ttag jubmitted to the 
legislatures ot the State? the fallDwing pro|;ri>sa]: ^ The Con^resis shall have 
pqwer to limiq reguJale ELtid prohibit the talior of petiiciiis under eighteen yeox? 
qE 

“ AmeSt 39 ^- 293 . 
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At die dme the joint resoIntiDii5 which later heeame the four¬ 
teen tli and fifteenth amendmeoti were pendingj several members of 
the Denioeratic Party attempted to require their submission to legig- 
latiires □£ which at least its most popular branch must have been 
elected subsequent tu the submission of the amendment. A similar 
provisbo was revived in 188:2.” lliese foreshadowed some of the 
proposals of the present day. 

Only a few other suggestions to alter Article V. were presented 
during the last quarter of the first ctrnhny . Senator Morton (1882) 
hrought forward a resolutioti to prescribe rules to be followed by the 
legislatures when acting on amendnient proposals.^^ Two oLhers are 
noteworthy as proposing the tabheation of amend msits by the vote 
of the people instead of the legislatures, thus anttcipadiig the refer- 
endmn system urged so frequently in recent years.” 

While few formal proposals were made in Congress to change 
the method prescribed for aniimding the Cnnstitution prior to tlie 
Opening of the present century* there wag a growing opinion among 
jurists and publicists during the dosing years of the nineteenth cen¬ 
tury that tlie adiciiding‘‘"procds 5 was too diifiinilt. Even at a much 
earlier day QiteE Justice ZilarshaU Itad cliaTacteri2ed the machinery 
for amending the Constitution its " unwieldy and cumbrous/^ 

Woodrow Wilson, in his first imiM>rlimt work, "^'Congressional 
Government/* published in 1SS5, wrote ; It would seem that no im¬ 
pulse short of the impulse of self-preservation, no force less tlian tlie 
force of revolution, can noTvadays he expected to move the cumbrous 
machinery of Article V*" ^ Yet later, while President, he w^as to 
w'itness four amendmenU adopted without any upheaval through the 
normal working of the provisions of this Article- 

A speaker at the meeting of the American Bar Association in 
19O/ even w^ent farther when he declared tliat " if the Constitution 
is to be changed it must be done in the manner in which the insbru- 
meut prescribes/" which is "Ao ^y that it shall not be dianged at 

^ Ibid,, Senator Ashursl reviewtd some of ihe&e euIj attwnpts, 

CeMjrfjjToisnJ 67th Congress, 4tli S^esskn, 

^^TbiiL, 390-351, 

TbkL, 393-254, 

** Baron vs. BaEtintQrci 7 Peters 761. 

* ” Congres^ianaJ GQvcmmmt,” ^>42-243. 
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alt, lor we are taught by a ccstiiry of our history that the Consti¬ 
tution can na longer be amended/' and so it j^eeined to many other 
jurists and historical students.*^ 

To cite one other instance* I quote the words of the late Justice 
William P, Potter ol the Supreme Court of Pennsyls'tmia, contained 
in an address he delivered in 1909^ “ The expectation of the Father^ 
of the Republic that the method of amendment w^hJeh they provided 
■would he satisfactory has not been fuhilled/* therefore, he thought 
it ** time lor the American people seriously lo consider the adop- 
tion of an easier process of altering or amending; the Constitution/" 
To this end he advocated the adoption ol the sj'slera in practice in 
many of the states, namely that an amendment might be proposed by 
a majorit^,^ vote of hoth houses of Congress and ratified by a major¬ 
ity of the qualified voters in a majortiy of the states.” 

Several other proposals have been suggested by such eminent 
political scientists as Professors J. W, Burgess and Mtmroe Smith, 
designed to effect an easier method of amendmeiUp for the details 
of which I must refer those Interested to their published works.®* 
Thdr plans are cited here simply to indicate that in the opimon of 
these distinguished experts a workable amending provision is of 
great importance. 

The demand for an easier process of amendjiient found frequent 
expression in Congress in the years subsequent to 1909. Indeedp Dr. 
Tanger notes that since tSgS over two score joint resolutions have 
been introduced emhodjhng some sixty changes m Article Y. Down 
to 1919 the greater number of Lfic changes sought aimed to secure an 
easier method of proposing amendments, some even provIdEng for 
some form of popular fnitiative^ as ivell as for a simpler method of 
ratification. 

Typical of this class are the proposals advocated by Senator 
Cummins and LaFoUette in 1913.®* The latter's resolutions pro- 

“Quoted in L-nfi'erJiJy Law LVIl., 

“IhM. 

■Btu-g^esa, “ Polkfcal Science and Cbmparatlve Cwishtutinna] I^w," L* 
(iS^po); Munroe Smith* "Shall We Miikc Oor Caostituhon& Fleic- 
ih|e/^ 1 ^, Narih Amcriran Rruinv, 

^ CTofigrcwiurtai Rfucrd, Congress, 2d Sessiii^n, 1500, ifizA, S5?5; Sed¬ 

ate ReptfTt, No. 147, Tanger, Opua tit, 6^; W. P\ Dodd, ''Amcnditig ths^ 
Federal Constitutim," l^w Journoi fFchtuaiy, 1531 )h XXX., 1-552, 
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V4ded that ajnendnients might bt proposed in three different 
either by a majority vote o£ both Houses of Congress, or on the ap- 
plieation of Uie legislatures of ten states, or finally, on the appHra- 
tipn of ten states through the vote of a majority of the eiectors of 
each voting on the question. The proposals were to be submitted to 
the voters of the several states at the next ctmiing election of Hepre- 
seotatives, the same to be ratified if m a majority of the states a 
majority of the electors voting thereon approved. 

Senator Ow'en repeatedly has proposed an even more vnried plan 
for the imtklion of amendments, coupled with a refercndtim to the 
voters, the amendment to be ratified if it secured a majority of the 
voles of those voting on the measure and also a majority of the Elites 
of the congressional districts. 

A review of the facts shows that the ratification of amendments 
has been far less difficult than to effect their submission to the states. 
As already pointed out, only four of those submitted by Congress 
failed of ratification. Of those ratified, sixteen nf the nineteen were 
ratified within fifteen months or less, the eleventh, fourteenth and 
sixteenth in a period from about two years to slightly less than four 
years. In one hundred and twenty-five year^, or since iSio, onlv 
one amendment proposed by Congress failed of ratification and that 
was the amendment submitted in i86l for the preservation of 
slaver)', Oo the other hand, thirty-two resolutions, after passing fyne 
liouse, failed of submission owing to tiie lack of approval by the other 
branch of Congri:ss. 

The responsihiliiy for the paucily^ of amendment is not due prb 
tnarily to the lack of action by the states. The ease and speed with 
tvhich the eighteenth and nineteenth amendments were secured has 
led to the belief since 1919 that the process of ratifying an^endments 
is too easy* and in consequence the numerous proposals to change the 
provisions for securing amendments iiave placed the emphasis on the 
method nf ratification. The proposals recently presented in general 
have aimed to prevent an amendment being ratified that does not 
have the prior approval of the people. 

The shock that the Prohibition and Women^s Suffrage amend¬ 
ments have given to the advocates of local autonomy has led them to 
advocate greater popular control in ratification, hence some form of 

” Record^ 66Eh CorifT-. 1st 3700. 
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relerendiuii is prodduci fort as m the resolution submitted by Sen¬ 
ators Brandegee and Walsh, or in the Wadsworth-Garrett proposal. 
The undemocratic nature of the existing method of ratification 
is now being dwelt upon. Some interesting statistics of the member¬ 
ship of the state legislatures have been compiled with a view of sliow- 
ing how small a number of It^slators can control a majority in 
both branches of the legislatures of thirty-si.x states, or the three 
fourths majoritj^ necessary to ratify an amendment. These figures 
demonstrate that it is theoretically possible for 673 state senators 
and it643 representatives, or a totd of 2^316 legislators, to do so, 
although tills might be less than 32 per cent, of the total number of 
legislators in the forty-eight states. Further, it is shown that it 
w'ould require only 167 votes in the Senates of thirteen of certain of 
the smaller states to prevent the repeal of an amendment,^* 

The proposal of Senator Brandegee which has been reported fa¬ 
vorably twice from the Senate Committee of the Judiciary in recoit 
Congresses leaves it optional with Congress to prescribe a third 
method of ratification, namely by the dectors in three fourths of the 
states.*^ 

The Wadaworth-Carrett plan, introduced both in the last and 
present Congress^ has received much popular indorsement. Among 
other provisions it requires that the menibcrs of at least one House 
in each of the legislattires which may ratif}" shall be elected after the 
amendment has been proposed and further permits any stale to re¬ 
quire tlmt ratification by the legislature be subject to confirmation by 
a popular vote^^* 

Senator Walsh^s resolution, wbicb rccentl_v has been reported fa¬ 
vorably by the Senate Committee on the Judiciary as a substitute for 
the Wadsworth-Garrett plan, makes a referendum mandatory 
Borh the legislatures of Louisiana (1920J and Texas (1924) have 
memorialtzed Congress to call a constitutional convenliou for the 
purpose of amending tbt Constituticin so as to insure the submission 
cf [ill amendments to the qualified voters.^ 

Re£i^rd, 67th Conpr-, Scss., 55*^7-536^. 

" Record, 66lh Conp., ist Scs?., 56Q^S7'fto, 

RecQrd, 67th Cong., 41I1 Scssi, ^13, 538®. Hearins before tlic 
Subccifiitnittec oa t>ic Jmiid^iry of the Senate, Jan. iG, 1933, 16-17, 

^ Jan. 20, 1934 GSth Canpr.^ ScmlU Rfparts. No. 5, 6, 

Rc^rerd, 66tli Cemg., 3U S« 5 ., 31; IbEd.. m\h Cong., i^t Se?^ (In. 

dcjc, Texas), 
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This survey of the aniending provisious in practice wnuld be in- 
complete witlKkiit a brief dtsaissidn of the more impoxtant of the de¬ 
cisions which the Supreme Court of the United States has been 
called upon lo render since relating to several quesdous of 

procedure followed in the subniissian and radficaticKn of amend¬ 
ments. These decisions have been given chiefly m connection with 
a series of cases growing out of attempts to have the eighteenth 
amendment declared void for aHeged irregularittes in some phase 
of the procedure foilowed- 

In the National Prohibition Cases in 1920 the Court held that 
the two-thirds vote in each bouse of Congress, which is required to 
propose an amendment, is a vote of two thirds of the members pres¬ 
ent — assuming the presence of a quorum — and not as contended a 
two-thirds vote of the entire membership present and absent. This 
decision was in harmony with the precedent established by Congress 
since early days, although it does not appear previously to liave been 
determined judicially. 

With tfie extension of the system of the referendimi in the states 
on state laws and constitutions it w'as quite natural that the attempt 
should be made to render the same applicable to amendment to the 
Federal Constitution. In several slates it has been held by State 
Courts that state referenda might he made applicable also to the fed¬ 
eral amending process. 

Ohio, however, is the only state having a constStutional provision 
explicitly requiring it, effected by an amendment to the Ohio Consti¬ 
tution in 19iS. Tlje v^alidlty of this requirement was considered in 
the case of Haw'ke Smith, decided in 1920.^^ After an able dis¬ 
cussion of the question of what constitutes the legisbiure of a state, 
the Court prunoiiticed the ftmetion of a State Legislature in rat¬ 
ifying a proposed amendment to the Federal Const itudou as " a 
federal function derived not from the people of tlial state, hut from 
the Fedcm] Constitution.” Ratification therefore, "*by the legis¬ 
lature of a state, is not an act of li^slation, it is but an expression 

** 253 Lr. S. 3,50. Far a review of the Briefs presented in thLy some of 
the following cases, sec Dodd, XXX., 

“353 U. S. 131. J, li Burnett^ “From State to Federal Kcferendttm,^ 
Awjmcan JLitf /tim’rw, LV., 301-21? (fg2l) : W.. H. Taft, Caii Ratfficatlciii 
of an Amendment to the Conslitution be Mode to Depend oa a Refcrtmdinii,” 
VciJf Law Jounuit, XXiX1^31. 
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of the a&setsl: o£ the state to the proposed amendment.'^ The Court 
therefore held the provision of the Ohio Constitution requiring a 
referendum as inconsistent with the Consritutioa of the United 
States."^ It would appear that the detfsiort In this case prompted the 
introduction of the Wadsworth-Garrett anietidmentj already re¬ 
ferred to. ivhich would constitutiotiahze the referciidum system. 

In consequence of the ruling of die Court in the case ot Hawke 
irj. Smith it IB dear that the provisions of some of the other State 
Constitutions imposing limitations or conditions on the amending 
process^ not found in the Federal Constitution, are ineffective. This 
w-otild apply to the clauses in the Tennessee and Florida Constitu¬ 
tions that prohibit any convention or legislatitre of the state to act 
on any Federal Amendment unless such convention or legislature 
was elected subsequent to the submission of the amendment. As a 
matter of fact, the legislalwre of Tennessee ratified the nineteenth 
amendment without observing the aforesaid limitation of the State 
Constitution. 

A further attempt was made to test the validity of the eight¬ 
eenth amendment because of the provision in its third section re¬ 
quiring ratificatinn within seven years from the date of its submis¬ 
sion. This was the only instance where a definite period for rat^ 
iheation had been fitted. The opinion of the Supreme Court in igzt 
id the case of Dillon Glass ** held that the question of whether 
a definite period lor ratification shall be fixed or not was * . . a 
matter of detail w^hich Congress may determine as incident to its 
power to designate the mode of ratification/' The Court showed 
that the question of limiting the period of ratification had been de¬ 
bated at length, and both houses of Congress had agreed that some 
limitation was intended and that seven years was a reasonable period. 
The Conn referred to the fact that four amendments were out¬ 
standing and that three of them had been domiant for more than a 
century'. Whether such an amendment could he resurrected and its 
ratification completed is still an open question. Eighty-lour years 
after the partial ratification ol one proposed In 1^89 the Legislature 
of Ohio made an effort to complete its ratification but as no other 
state loLlowed its example the matter was not a practical one.^^ 

■25^0. S. 168. 

“AmeSp 
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In view of such a rn nhn^ enr^- as th-e one jiist mciitioticd, it ’w ould 
seem highly desirable that Congress should fiic a limit to the period 
in which a proposed amendment is open for ratification. The pra- 
posal of Senator Srandegeev already discussed, fixed the limit to a 
period of six years. 

In the case of Dillon tfS. Glass the Court decided that the eight¬ 
eenth amendment became a pan of the Constitution on the date 
when the ratification of the states was constunmated, and not on the 
date when the ratification was proclaimed by the Secretary of the 
State, 

The question whether a state that has once ratified can withdraw 
its ratification first came up in connection with the ratification of the 
fourteenth and fifteenth amendments as three states attempLed to 
do so in the case of the fourteenth amendment and one in the case 
of the fifteenth amendment." In the former instance the Secre- 
Ukrv of State b^ng in doubt issued a certificate declaring the amend¬ 
ment adopted provided the pnerious ratification of the states attempt¬ 
ing to withdraw the sime was stid to be CDnsidered valid. Congress 
immediately passed a concurrent resolution declaring the ratification 
of the fourtEcnth amendment valid and sufficient. 

The latest attempt of this nature occurred in Tennessee, when 
the legislature, after a quoruni had been broken, attempted to recon¬ 
sider its previous ratification of the nineteenth amendment. There 
was no ncccssit)' of testing this action judicially as a stiffidfint num¬ 
ber of other states ratified to secure the adoption of the amendment. 
A provision, however, in the Wadsworth-Garrett proposal covers 
such a contingency by permittiiig any state to change its vote until 
three fourths of the states have ratified, or more than one fourth 
liave rejected or defeated the proposal in question. 

In several of the briefs against the eighteenth amendment the 
Supreme G)UTt was urged to pbee lunitations upon the federal 
amending process^ other than those stated in the Constilntion, on the 
ground that the reserv^ed sovereignty of the states was endangered 
by the ease with which aniiendmenls were being secured to extend the 
powers of the Federal Government 

"Ibid-, 

“Dcdd, Optu dL; Wm. P. Bcynutii, “State Rights ajid Federal Powerp" 
Amtricm LiTw LV^ {19^1} ? A M. Perils to be Ap- 

prehmded from Amwalmg the CnnstitaliMi,'^ American Imw L\lLp 

481 {39a3>- 
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In this coiutecticin it is of interesL to note that whereas a few 
years ago some form of popitkr participation in the process of 
amending die Constitution was advocated by the so-called radicals, 
with a view of more easily securing amendments, today, on the other 
hand, the submission of proposed amendments to popular vole is 
urged by those who frankly avow that thej- expect it wiU render 
ratification more diffictilt. This is indicative of the distinct change 
of view that has taken place in the past ten years in consequence of 
the recent repeated deraciiistration qf the effectiveness of the present 
amending provision of the Constitution. 

.Although the speaker some years ago held the view that the 
amending process was too difficult, he has been led, in common with 
others, as a result of recent experience, to a modification of that 
opinion. He believes that a radical change in the method of amend¬ 
ment Is neither necessary nor desirable. 

Possibly die amending machinery may need some modification. 
For example, the provision for the proposing of amendments might 
be made less difficuh, as it has been shown tliat in the past the great¬ 
est obstacle experienced has been to secure the cortiieration of both 
houses of Congress in submitting amendments, rather than their 
ratification by the state legislatures. Further, the proposal, common 
to several of The recent resolutions, that the nmendnient should be 
acted upon only by legislatures elected subsequent to its submission, 
as well as the lirnitation to a definite period during which the same is 
open to ratification, seem desirable regulations. 

However, the speaker sees no necessity for a refercndiitn to pop¬ 
ular vote until at least a trial has been made of the optional method 
already provided for in the Constitution, namely, the ratification by 
conventions in the several states. It lias been truly said tiiat " the 
election of a convention would itself be a referendum,” and by the 
submission of the proposed amendment to conventions especially 
chosen, the purpose of a referendum would be accomplished while 
avoiding its defects. 

No change should be permitted that does not give full recog¬ 
nition to the federal principle in oiir system of government. The 
country, moreover, should be on its guard against a process of 
amendment of such ease that provisions might be introduced into 


THE FEDERAL CONSTITIJTTON IN PRACTICE, 


75 


the Constitutioa wtdcb would establish as permanent features^ pass¬ 
ing political or sectional 

" Oearly/^ writes Dr. W, F- Dodd io an illuminating and coni' 
prehenstve article, the Federal Constitntioii perfomis a function 
different from that of the state constitutions, and should be less 
dcxiblc than the state constitntions may properly be. The function 
of the Federal Constittitioti is primarily that of drawing a line be¬ 
tween national and state powers^ and such a line should not he suh' 
ject to frequent variations/**^ 

U.vivwsrrv of Pekksvlvilsm. 

^ Dcdd, Oiui^ cit, 354- 


THE ARIL^NCEMENT AND ACTION OF MATERIAL IN 
THE PLASilATIC LAYERS AND CELL-WALLS 
OF PLANTS. 


By DEL D. T. MacDOUCAL 


(Read April 19-^4.) 


e purpose of the present paper is to present some collated 
mformabon on the arrangement of colloidal material in the plas¬ 
matic lajers and walls of the plant cell which are to he taken in nc- 
TOiint in measitrements of permeability, and to present some results of 

^e action of constructed, dead, and living cells m absorption and en- 
dosmosis. 


Periiicability is used in this and previous publications to denote 
tlie condition of the colloidal meahivork of the wall and plasmatic 
layers, wbicli may vary in active cells so that only water and the 
more mobile ions may pass through when pemteabilitv is least and 
the largest molecular particles go through when it is greatest^ 

The composition and aiTEmgement of materials in the plasmatic 
layer and the cell-wall has been discussed in previous papers but it 
15 necessary for the sake of clearness to recapitulate the principal 
facts and to illustrate the matter with Fig, i. The wall has a semi¬ 
rigid skeleton of cellulose fibers which are capable of hut slight 
changes of volume or of deformation with water content. The 
Spaces in the extemaJ part of this mesh work are occupied hy pectins 
or pectates and the inner part of the meshwork nearest the plasmatic 
mass contains other liquefiable pentosans, such as mannosans and 
glucosans, while some lipins or phosphatides occur. 

The plasmatic mass is made up of amino-acid chains, pentosans 
nnd phosphatides, Upo-proteins, glycolipins, etc,, the concentration 
m the bounding layer of the protoplasm being denoted by the closer 
spacing of the symbols used for the main components. 


• ' and die Increase in Volume gf Liv-- 

ins and of Aftificwl Cells," PhU. 72. 1, i^. 
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One of the first and most important futures of the structure 
cJescTtbed is its incessant TOriatioa in compositkia. The wall which 
largely composed of liquefiable pentosans progressively In¬ 
cludes a larger proportion of the anhydrides as the wall becomes 
denser and more rigid. Later pectin compounds appear and the 
maturity of the wall brings it to a condition in which 
the salts or organic compounds of tlic cell as well as fat 
stances may pass through the coarser and fixed meshworK. me 
outer part may undergo secondary' changes by whicb ft becomes 
water proof in total reversal of the effect of the prerious alterations. 

PLASMATIC LAYER CELL WALL 


Fig. 1. Di^ffram of the arrflnRmKnt of material 
and cell-w^]. / CdliJost \ PeefitL I AltKilages. 


layer 

Fatty 


The plasmatic mass at fir^t high in proteinaceous material and 
in fatty substances progressively acquires a larger proportion of 
pentosans or mucilages^ with ineritable alterations of rcadtion to 
substances included in the vacuole and entering the cell from the 


medium. 
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In addition to theise changes which come rapidly in short-lived 
absorbing: cells or root-hairs, this complex membrane is hfglily un¬ 
stable as to Its composition. The displacements which may occur 
as a result of the various tj-pes of adsorption may result in the loss 



niatS L “if'with 

‘‘I'*"* («) outlet! 

(e) receiver I (/) liquid ddivered as result of writnemr... 


of various bases such as potassium and sodiiini. or the leakage of 
carbohydrates and amino compounds from the liquid or mtshwork 
of the ceU, as has been described by True and his colleagues. 

In view of these facts it is obvious that the pemieabilitv phe¬ 
nomena observed in such strict and durable membranes as those of 
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CfsIlodioTi and of parclinient subtend but a tiaxrow ajigle in any com- 
prehensive view of the operations which attend the passage of elec¬ 
trolytes for example Hirough the enormousty complex and continu¬ 
ously variable pemieable layers of ihc cell* Referring a|rain to the 
digram (Fig. l)* it b to he noted that this is illustrative of a cell 
which presents a free surface to the medium* The union of two cells 
presents an arrangement in which this is doubled, the pectinized 
layer forming the middle part of the wall and the passage of an ion 
from one cell to another is attended by all of the adsorptive action of 
two plasmatic layers, which would ne\^er be exactly identical in the 
two protoplasts. 

The model of a " constructed cell ** used in these experiments 
consisting of a cdlulose Extraction thimhk infiltrated and coated 
with materials represented in the living cell differed from previous 
description only in certain mechanical features. Its setting is iUus- 
ttated by Fig* 2, By the omission or addition of suhstances an 
analysis may be made as To the parts played by the separate compo¬ 
nents of the permeable layers. The action of tlie cell as thus modified 
may be taken in terms of endosmose, measurements of resistance of 
immersion liquids or cell contents^ or by titrations* 

The fallowing points are to be noted in the interpretation of the 
results which follow: first, that as tlie permeability of the cell lessens 
the rate of endosmose with any given concentration of sugar as cell- 
contents will rise within the hmiLs of these experiments; secondt 
that tlic relative action of the cominon bases on the mcahwork of 
coUoida in modifying permeability rests upon the total action of 
these bases on the included substances: this action may include sev¬ 
eral types of adsorption, and third, that the cell-contents generally 
of ao per cent, solution of cane sugar had an osmotic potential of 
about 15 atmospbcies, common in plant cells^ while tliat of the ex¬ 
ternal or immersion liquids was mudi less tlian [ atmosphere. 

Cotifirmntion of the principal conclusions as to the ndative action 
of similar neutral salts of the common bases has been made. Such 
action nm-s generally parallel to the ionic mobilities of the bases which 
is a straight line function of the charges they carry* Other factors, 
the effects of which are still being measured, are doubtless to be taken 
into account. The relative action of these bases is modified by the 
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minrnon bps in an order determined by the balance found between 
the on the anion and that on the kation. Thus the common 

amoM SO, < a < NO, esert a retarding effect, lessenbg the 
^on of the kations on colloids in an increasing series as given. 
This act^o 15 in conformity with the hydration effects on agar as 
measured in 1921. as repeated in Table U and may be taken to 
apply witiun a certain range of effects in which swelling in various 
^rees res ts frorn hydration. Abrupt alterations of effect ensue 
w en the concentrations rise to a point virhcre total neutralizaffon and 
^gr^atiOfi of the collojd is bfou^ht about.^ 

TABLE L 

HTHRAttOX OF AcAH in SutJH-ATES A-VO NlTHATES. 

(l&cjTaAes in percenta^t of vcJiunfc) 


. . . . 

Water. 


NX 

K- 

O-QlJIf. 

1 


a.ocioiJf. 

740 

J JJ 5 

wTzo 1 

710 

fiay 

351SU 



^larding effects of anions on common bases in permeability 
effects with young roots were found by Kahho to form the following 

senes* wMis 

Citrate < Sulphate < Tartrate < Q < NO, < Br < I. 
Raber obtained the series below with salts of sodium,* 

SCN < I < Br < NO, < Cl < Acetate < Sulphate 

<! Tartrate ^ Phosphate Citrate, 
In my own experiments similar permeability effects were ob¬ 
tained with sodium salts in complete cells and with others from 

’See FrMHtlidi, H., " Canillaftbeme," ate Aiifl ro sra Ft 
7 S. "'■““•MW ol tt. Cdl ,0 c„„„. 
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whith tbc lecithin liad been omitted, the series being 
Nitmte <[ Chloride < Sulphate. 

Potassium salts gave the series 

Icxlide < Nitrate < Chloride < Sulphate. 

The most useful explanation which has as yet been offered in 
this matter is that of Raber in which these effects are tahen to rest 
upon the relative density of the chaises upon the kations and ions 
acting upon llie colloids. This is in fact implied in the general in¬ 
terpretation put out by Kahho two years earlier. ^Fhe entire matter 
of interferences, or antagonisms^, may yet be found to lie within the 
operation of such effects coupled with the special reactians of the 
albuminous material to sodium and of the pento$ms and phospha- 
tides to cdcnini. 

Influence or the H-OH CoscENTSATtON on HytJHATiON 

ANO PEftMEABtLtTY* 

Results of hydration tests of agar obtained in 1921 show that 
agar exhibits a greater swelling in dilute solutions of neutral salts 
than in water. It wa$ also found that this pentosan shows two 
maxima with respect to the concentratioiL One is in the 

r«gion of UQ 0,0001 A'' about pH 4.2 and the other is in bydroxidea 
at about pH lip as illustrated in the following table; 

TABLE IL 

HvUAATIoN DK AeAH m Ci114:i«1|*E5v 
(Increases in i>ercentage of voluase.) 

Hcl 700 KQ ijos NaQ 1145 MfiClj Sss CaQi 70s at aoiM 
[6dd 1S9^ 11 ^ at thOaiM 

2100 2 ^ 297 s *315 ^160 at aoooiM 

Watiui lEjOO 

HmiiATtoN or Afljui IH 

LiOH 1^20 NaOH 1645 RbOH t63S KOH iS3S Ca(OH)t 660 at oaii^ 


^4^ 3430 2500 343 ® Toao at DjOOIJV 

jaoQ at o.QOOlJV 
jaoo at o.«MiiV 

Wam**.**, ,*jooo 

6 
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The hydration of (jdatine as re^irfejeatative of ttw am- 

pboljtes is such that increase in concentration of acid or of hydrox¬ 
ide is accompanied by birrcased hydration and permeability within 
the biological range of conccntnitioiifi. It Is to be noted, however, 
that two points of nfiinimum swcUing have been founds one at PH 
4.7 and at PH 7.7 as detemtined by Wilson and Kem, and at PH 
4.68 and 7.6G as fixed by Higley*" The effect of salts within the bi¬ 
ological range is to increase swelling of gelatine, but it is to be noted 
that the swelling of ampholytes such as gelatine as a result of the 
acidity is lessened or repressed hy the presence of salts. 

Any consideration of the acdon of tlic cell-colloids must pto^ 
deed ttpon the accepted fact that hy'dration and permeability are a 
resultant of the action of the included constituents. Thus, by way 
of illustration, the swelling of gelatine was found to be os' bdow by 
auxographic tests: 

TABLE III 

KQ 3100 per oijnL CaClj €70 per cvit at ojoiif 

MOO per cent i$gf 5 per cent at d cmi^/ 

ii6o per cent. 1000 per ceflL at o.DDaiilf 

WAtm 5UQ pet cent. 

The swelling of mixtures of 3 parts of gelatine with 2 parts of 
agar in neutral salts gives the foUGwing values: 

table IV* 

KCt SSo per cettL CaO^ 74D per cent at o.DiJir 
1010 per cent. 540 per cent at D.ooiJf 

1850 prr cent 14J0 per cenL at Q.oooiAf 

WATttt I4KJ per ctnL 

The mixture consisting of 3 parts agar and 2 parts getatbe 
which reproduces the plasmatic composition of the higher plants 
HKjre exactly shows much greater swell capacity, as shown by the 
figure below: 

TABLE V. 

EO 3015 <=ent CaO^ 1140 per coiL at o.anlf 

2:^ per cent par ™t at amulf 

2640 per cctiL 23 ^ per tent, at a.ooDiM 

Watek 3330 per cenL 

" Wilson, Jr A., The SweUidg of Protein JeHics,^^ Cdllaid flymposluni 
ftmnograph. Dept, of OittiL, Untv. of Wiscansin^ 1923* p. 310. 
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The degree of hydration or coefficient of swelling of cell-trol- 
loids is also the index of permeability * which is invariably a result¬ 
ant of tlie reactions of the pentosans and protein gels. Materials 
of these two gtotipa differ markedly^ as one is an ampholyte dis¬ 
sociating both li and OH iqns, showing two isoelectric zones in 
vp'hich there is no movement of H Ions, and the pentosans generally 
dissociate some H ions^ being weak acids. 

The resultant action when a composite mass of the two siih- 
stances is acted upon by adds or alkalies or hy neutral salts w^ill be 
determined by tlie proportions of the tw^o present and the relation 
of the ions in the hydrating liquid to the neutral points^ isoelectric 
zones Or other conditioos of the two groups of colloids. The per- 
meabilit}' of a protein jelly will be least in the i«.oelectric zones as 
the gels of the protoplasm w'ben in this condition have a lessened per- 
meability and the cell will show the highest endosmotic swelling 
or tnrgidity. As noted above, increased H or OH concentration m 
the hydration solution or intreased tonLEmtjation of an cdectrch'^te 
idcreases hydration and permeability in proteins, whUe it lessens 
permeability and increases possible endosmotic action in pentosan 
gels or mudlagcs. Tlie solotioos which cause a nnnimuni hydration 
and pcrmeahility and the greatest endosmotic swelling may not 
therefore be the isoelectric paints ** of a vacuolated cell^ as sug¬ 
gested hy Robbins,^ but a resultant^ or zone In which the low hydra¬ 
tion Tf^uc of a protein is met by a decreasing hydration value of the 
pentosan^ The greatest swelling of a dense non-vacuolar cell would 
he a similar zone of coojnnctioti of the highest hydration possibilities. 

Zones of MAxmtru ano Minimum ani> Rebme- 

ABinitV ts CONSTMUCTED CeLUS. 

The determination of the zones of concentration in which cells 
would show maxmium and minimum effects was tested with con¬ 
structed cells as well as with sections of Opuniia. 

The initial experiments in such a lest were made with colloidal 
cells constructed in sets in which one or more of the essentml com¬ 
ponents were oTnitted. The action of complete cells was compared 
with that of living and dead cells- 

•Rjubtiiw, W* '"An lacdectric Point for Pianl Tissue and Tts SiiiidS- 
cance," Amer. af HoLm uJ- 4^^* tipa3. 
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“* “> P" s“S" solution and 
wth lb, layers „n,po„d »holI, of ajar and pMia s.™ d,, fon™. 

ing amounts of endosmosc; 


table VL 


tpiinptt ncfq q 

HCI oxfjAT . 
aoor X, 

Water __ 

NaOH o.dOi 

Nad (j.Qj ^ ^, 
HQ 0,001 _ 

NaG a&t . kt 

HCI aorA^ ^ 


Aniptmt af Jliiail rtBtJiffl K; 

in +1 Holih. 

IX 

la 


I#*.-,^^, la 



^5 


, c^amcteristic pentosan reacrions are illustrated. As the 

atTb,, ^ j hydradon solution increased pernie- 

showed gTEater endosinose or tut- 
gidity at HQ 0.01^ than at o.^iN. A similar relation was found 
on the other side of the neutral point, the tarfifdite or endosmose 

being greatest as the OH concentration increased and the swelfine 
lessened. ® 


Acidification of a salt showed similar effects, the increase of 
^(h^- from 0,001 to o.oitV lessening permeabilit>- and increasing 
turgidily. The reverse effects to be expected from protein gels are 
too wcU known to need repetition. 

The next senes of tests were made with cells consteucted as in 
^e previous set with the addition of gelatine to the plasmatic layer. 
The results were as follows: 


TABLE Vri 

Immtnmo- 

NaOH 0.0051V ^ ^ 

0.0035 

O.DOI , 

Wattr * * . -I s ^ ^ . 

HQ &JJ01 

0bOI>25 . 

0 .(X 3 S V.. 


AhqQQILtil erf Eil4lHIDEMt bl 44 
TiMiri oM. 1^8* C. 

..M ct 

...d.*w,*i5 

.Sz 

^ - p ; ^ d . . 10 
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NaO ___ 

NaOH awi ...a 

NaQ ociAf ... 

NaOH O.OOSS .9 

NaCI o.oii/ .... 

NaOH o.dos w**_* _,.15 


NaQ 

NaD 

HQ 

NaD 

HQ 

NaCl 

HQ 


O'lO'SAr .•ii.4.fP4.^.|.|. J.^ 

aoiAf . . . . 

■ 00 l V«HS RVPHH + ^ 

aoiAI . . . 

0.0^125 «>■■■■ m m m.m mm *’* J| + **.*, **iri¥3- 

O.OlJf . ...... 

MS .. .,26 


The results in Table \^IL show tnaxiitia which are resultants of 
the swelling^ coefficients of the pentosans and ammo-acid gdSr The 
tnaximimi turgidity and endostuose coincident with nilmnium hydra¬ 
tion swelling of the two components was in 0.D025 of the acid. A 
corresponding node was found in the hydroxide at 0.005AT, 

The addition o£ a salt carried progressive decrease of permea¬ 
bility with tile increased H or OH concentration. 


linniFihwijwti 

UQ o.ooi^ 
aoc5 . 

Water 

NaOH 0 ,M 1 . 

□no5 , 
NaCI D.oiJkf 
HG O-cniAr 
NaCI aoi .. 
HQ o.ooas 
NaCI o.oiA/ 
HG 04 IC 1 . 
NaG Q.oiAf 
NaG a.ei . . 
NaOH o.qoiN 
NaG a.Di .p 
NaOH D.CMX25 
NaCI G.DiAf 
NaOH 0,005 - 


TABLE VHL 

A 4 iHFun£ al BndHiHHL. 

__ .114 ce 

...-..,,.11.5 

----- 

-- JJM 

+ 9-t-il4a-l'a#ii%*PiA + i«i ■■■ ■■ m m m m ±. a m 


£I 


104 


tl 


4 .. 4 .« 9,3 


102 


5 


A third series of tests were made with cells to which a lecithin 
deposit had been made in the plasmatic lawr, the ccU including agar^ 
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pectin, gelatine and ledthin, the gelatine fomiiiiig about two fifths oi 
the plastnatic layer. The results of the eodosmotic action of $uch a 
series of cells with contents o! 20 per cent, sugar solurioii operating 
for 42 hours are given in Table V[IL 

The presence of tlie lecithin in these cells may be held to ac¬ 
count for an ef]ualizing action or a broadening of the zones of max¬ 
imum Dr minimmin Thus no variation was seen m the permeability 
in o.ooT—o.ooj water-acid. Neither did the addificatiDn of the salt 
show much effect^ a Eattening wluch is to be seen in the results with 
living and dead cells. Permeability lessened in water-hydroxide sa- 
lution as the concentration was increased to 0,005 the maximtnn 
lay beyond. The addition of hydroxide to the salt showed a node 
at NaOH 0,001^5, 

Another series of complete cells were placed in water-add solu¬ 
tions with the result that a node w*as found in concentrations of 
o,ooi-H3.oo{>4dVp at which endosmose was the highest, below and above 
which it fell oS, The composition of the celb differed from those 
in Table VIII, chiefly in a higher proportion of agar in the plas¬ 
matic layeT+ 

DisTJiLitTioN OF Lmxo C^Ls OF Opimtio ix Acit^, Hydeoxipes 
AXD Neutral Saet Solutions* 

The flattened joints of Opunfia offer exceptional adv'antage^ for 
the analysis of permeability and distention measurements as some¬ 
thing is known as to the pbsmatic mass especially as to its high 
pentosan content, and die daily variation of the addity of the cell 
sap from near neutrality to a concentration W'hich may be as great 
as pH 2.5 or even higher (nearly equivalent FIQ 0,01) has 
been worked out with exactness and in great detail by Richards.^ 
It was found that the titration values of the acidity might vary as 
4 to I or erven as much as 7 to i at certain times. 

Material taken before S A,M, would have a sap near the maxi¬ 
mum and tliat taken at 3 P,M. would be as nearly depleted of add 
as may be found at any time. 

Thin slices taken from the median layer of the joints were placed 
in Stoider dishes in trios, and their variations in thickness measured 

“^Ridiikitls, H. M,, "Ai;ldity and Gas Interchange in PubL 209, 

Carnegie IniL of Wash.^ 1915, 
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and recorded with the aiixograph of the model iised extensEi’ely in 
this laboratory. Comparisons were made only in sets of eqnivalent 
material taken at the same time and hydrated in the same range of 
temperature which was usually at 14—18'' C. 

The first group of tests was made op three sets of sections taken 
in the morning and three in the afternoon and hydration was made 
in water and water-acid and hydroxide solutions. 

The three sets of sectiona in the add condition showed the 
greatest distention or tiirgidity resulting from the least permeability 
in HO 0.0025, equivalent to about pH 2.5, which would be less add 
than the odj-sap* Sections in the add--dq)lcted condition showed the 
greatest distention or turgidft>" and hence the least permeability in 
HQ 0.001, about pH 3, which ^^as probably more add than tlie cell- 
sap. Effects were l^ened at higher and lower concentration m both 
cases. 

Distention and tnrgidit)' and a minimum permeability was found 
on the OH side of neutrality in KaOH 0,0025 morning or 

more add condition of the cells as wdl as in the add-depleted condi¬ 
tion in the afternoon. This would be equivalent to about pH 12. 

All distentions were greater in the acid-depleted condition of the 
afternoon than in the morning although the dendrographic records 
show that the plant has a higher water content at this hour than in 
the morning, 

TABLE IX, 



AM. 

t*,Jit, 

NaCl Doilf 

.. S p.et. 

16 p-ct. 

0-005 

.. Id 

16 


.. 8.8 

ia 

Walcr .... 


21 

NaCl on* 



NaOH d^iN 

NaQ o.Di 

.. IS 

t 7 S 

NaOH D.DQ 75 . + + i 

KaD 0.D05 


ao 

NaOH noos ^ 

NaQ ox»5 


22 

HQ aoos 

NaCl tjoos 


10 

HQ aooas 

NaQ Ml 

,, $ 

IS 

HQ aocii 


iS 












S8 HacDOUCAI^TRE plasmatic layers 

Another series comprised sections taken in the morning and after- 
noOT and hydrated in salt solutions made acid and alkaline as shown 
m Table IX. 

^ The TOXjttium distention in the neutral salt solution was found 
in the highly acid material of the moming at a concentratioii of 
O OOSM, No variation was found in the concentration of o.ci.W 
-0,0025 in the acid-depleted material of the afternoon. 

pie maxituuin disleqtion and ttirgidi^* and hence least pertne- 
abiUty of the living sections in the add condition as well as in the 
arid-deleted condition was in NaQ o.oiA/ -|- HC| 0.001 jV. The 
distcpion of the highly acid materfal of the niorning in salts made 
alkaline was greatest in KaD 0.0a/ + NaOH o.ooi/V and NaOH 
0.0025, the nodal zone evidently being a broad one. The add-de¬ 
pleted material showed the greatest distention b fNaQ o.oiJf 
+ NaOH o.oOjjV. This lot of material differed from that described 
abo%e in the reaction to alkali, a variation which might reasonably 
he attributed to the condition of the material. 

DfSTESTtON AND SwELLIKG OF DrieD SlicES OF OpUJitia. 

When median slices such as those which are used in a living 
condition In the previous tests are dried under a pressure to keep 
them plane for three or four days, the result is sections about one 
fourp the origbal thickness, of a leathery consistency, in which the 
turgidity of the cells has been lost, the w'alls hav-e collapsed and per- 
meabUity conditions of the whole alter b several ways. It seems 
clear, however, that the hydration of such sections is attended by 
some osmotic action as well as the sweUing resuldng f rom the hydra- 
tion of tht desiccated colloids. 

HydraHon of a great number qf sections in a series of walcr-ucid 
scilutidns sliowed the greatest increase at o,oiiV' = pH 2, which may 
be taken as a node of the swelling action of the pentosans and pro¬ 
tein gels present, the absolute maxima lying beyond the range of the 
solutions. In this case the action of the acid would be to accentuate 
tlie swelling of the amino compounds and to lessen the permcahility’ 
of the pentosans with rising concentration. On the other side of neu¬ 
trality the increase is greatest in the hydroxide at o.ooi*V=pH n 
in COI16raiaticm of previous results,* 

MacDougaJ, D, ^ PerttiKiljiliiy and die Incrisue in Voliin>e of tht 
CotiUfits pf Lbiufi and ArtifreiaJ Cellsr Fr&e. Phtt 72, 1, 1^ - 
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The maxiim were in mere mzfd and less allcaline solutians than 
those producing; the greatest distention in living cells. 

Dried sections in solutions of NaO made acid hy the addition 
of HCl showed tuaximimi increase in NaCl o.oi HCl o.ooiAf and 
in similar salt solution made alkaline fay the addition of KaOH 
0.00liV^ in One sel^ m another the maximum in the acid was at the 
same concentration but that in NaOH was at o.oo5iV. 

The zone of greatest increase on the arid side would lie in the 
region of pH 3 while that cm the OH side of nentralit)" would lie in 
the region of pH 11-12^5, 

Recounting the facts concemitig the nodal points described on 
the preceding pages, it is to be stated that agar plates show the high¬ 
est hydration values at pH 4.^ and pH n. Between these two 
swelling falLs to that o£ water and beyond these points the increase 
lessens with the rising enneentrarion of add and alkali within the 
biological range* Protein gels show increased swelling Tn H and OH 
concentrations away from the isoelectric ssones and in increasing 
concentration of neutral salts. The swelling of mixtures of pento¬ 
sans and amino compounds h a resultant of die reactiotis implied. 

Permeability rises with the degree of hydration- 

Colloidal cells of agar and pectin showed a permeability mini mum 
at pH 3 equivalent to that in water with a maximum beyond pH 2* 
Another maximum Tvas found beyond in the region of pH ii. Sim¬ 
ilar relations were found in acidified salts and in tho^ made alkaline 
with NaOH. 

Cells constructed of agar-pectin and gelatine showed maximum 
pemieahilit)' with a minimum endosmose at pH 2.5-3 ^nd pH 
TI-12. Salts soluLioiis made arid and alkaline showed permeability 
decreasing away from neutrality in w^ler more acid tlmn pH 3 ^nd 
more alkaline than pH ii. 

The inclusion of tedthin in the construction of the cell resulted 
in a displacement of the points of permeability, especially with re¬ 
spect to the effect o£ acid. One set of cdls showed but little change 
in permeability between O.OOuV and O.OOSA^ HQ hut in another 
series the minimum of permeability in the concentrations of HCl 
o,oor-o.oo4Ar, 

"" Th« Probable Action of Lipoids b Growth.^ Proc* Phii yi, 
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A mini mum of permeability in hydroxide was found at NaOH 

0.0025, more dilute and more concentrated solutions giving less 

endostiiose. 

If now these conceptions be appUed to the dead cell-masses, the 
greatest increase of such material was in soluticms more add than 
pH 2 and betu’CtTi pH 1 1 and 12, 

Living cell-masses showed the greatest distention at about pH 
2.5 to 3 and in the region of pH and above. 

It IS to be noted that the maximum increase in a non vacuolar 
mass would be one of hydration in which permeability would be 
progressively lessened, a procedure which would be characteristic of 
the enlargement of cells m the earlier or accretion stage of growth. 

The maxim™ increase of a variolated cell on the other hand 
would be coincident with minimum permeability in which the cell 
contents would exert the greatest osmotic action. 

Id the case of the dead cell-masses the progressive rise of the 
swelling away from the neutral point might be due to an action 
similar to that described for protein gels; on the other hand it is to 
be not«l tiiat the cdls of Ofuniia are high in pentosans and that the 
permeability of such material wouJd be progressively lessened with 
increased H or OH concentration with the result that osmotic dis¬ 
tention of the cells would follow. 

IKFLUKKCE OF CoX CENTSATION OF CeU.-CONTENTS ON AoSOamOH 
OF lOKS FROM THE MeuiuM Or ImmeRSION LiQUID. 

A series of tests was arranged in which the reJation of the con- 
cmtration of the ccll-sap to the external solution to the adsorption of 
I he j:!ommon katio ns was determined- 

In one arrangement cells witli contents of 20 per cent, sugar so- 
htoon with others containing 0.6 per cenL sugar solution were 
placed in chlorides of potassium, sodium and calcium at o.ojAf. 
The higher concentmtion would have an osmutic potential of about 
JS atmospheres, while the weaher would be equivalent or hypotonic 
to the salt solutions. It is to he noted that some plants of arid 
r^ions such as the Airiptkes may have tissue fluids with a potential 
of over 150 atmospheres. 

After the cells were operated for periods of 40 to 48 hours the 
immersion liquids were titrated for chlorine which would show how 
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miich of the anion had been adsorbed by the cell. It was then as¬ 
sumed that the kation had been adsorbed in equivalent measure, 
which would not be exactly correct; the difference, howevier, would 
not constitute a serious error in the magnitudes obtained. 

Chlorine determinations were made by direct titration of 25 
of the liquid with AgNO, 0 . 013 /.* Since deviations in the concen’ 
tration of the salt solutions played small part in the adsorptton no 
great care was exercised in making them np, but the chlorine was 
titrated in the originals and then at the close of the experiment. The 
results arc expressed in cc, of the silver nitmte necessary to effect 
the titrating. Table X. gives rcsulU from agar-pectin-gelatioe-lcci- 
thin cells; 3 parts of gelatine to g parts-of agar were used in the 
plasniatic layer,*" 

TABLE X, 



tmmirrsjon. 

1 

HndnEmcw, 

A^NO,, 

CoDtealii, SoI. 


FImL 

f 

M per ceut.. ... 

Nadckaiif ' 

S -6 



per .*- 


3-5 


J 7 .g 

20 pet tent.. 

KCI o.oiM 

S 

i 

i 3^6 

0,6 per crnt.4. ..... i,, 




37-3? 


A set of agar-gelatuift-peclin edls witli lecJtiiin omitted with con¬ 
tents of 20 per cent, sug^ soliitjon g^Lve the following- 


table XT, 




AaNOi. 1 

Ferontta^ of 
AbBotptkiiu 

IntmenliDiL 

Ofiflioiii. 

Fitmf, 

NaCl o.orJl^. 

0.0015, - + 

1 0 

0,5 

14.3 

13-S 

do.g 

13,5 

13-3 

7-5 

KCI 

7 

24,S5 

to.pi 

IS 


7.1 

0 

7 

1 13-* 

13,3 

la 

0 043 2 ^ i* 

CaC U a.EM 1.31 +, „.. 4 « f i - ■ 

D.EM’a^-. 4 - H ‘ 

S0.5 

15.4 

4*4 

tOA 

33 


i 1 ani iodehlKl tn PrcffciMM- J. W. E. Glattfetd, d£ the Upiversity of 


Chicago, for the iitrations. 

Set Gortner. Hi A, nml Hoif man, W, F, " Otonlitalive Ealimatkm of 
Chlorides and SulpJatcs in E^pre^sed Plant Ftidda," Botan. Gtuciir. 

77» gfi, i§24, for swMitiomI metbwlj. 
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The rate of endosmosc formed the series Na < K < Ca Jn both 
c^cfflt^tioos of the immersion solution. The rates of absorption 
of chlorine from the solurions of the higher concentration formed the 
^nes ^ ^ ^ > and > Ca. The rate from the weaker soliirion 

CaTnd K-^ ^ ^ > K. a reversal of the action of 

w Cl may be dtie to same utiknown features of the cell, 

celU)"^* following data Cagar-gelatintpectin-lecithin 

__ TABLE XU, 


iCell Cortmtft 
Sol 


20 per wnt-. 

O S per CBiit,. 
30 pErcent.. 

pEf cent.. 
20 ffer cent.,. 
0-3 per cent.. 

20 ptff 43 EnE, ,. 
*.$ pei-tEllt,^ . 

30 iMT cent... 

0,3 per Cent- .. 
SO per ceaju,, 

0.5 per Cent*, 


I IDJtl&rB JjplL 


XaCle.oiA/ 
Kiel Q,oi,U 
CaCJi 0,01 M 

ii 

Scawaier 0,01 J(f 
f-or Nn 

(XikdL 0.003) 
o.oosjl 

{NaCl 0,003jl 
(NaOH o..o^3) 


] 

Did oan3 USB', 

Agarot 


OdpHiml, 

FJjial, 

]i> 

34.J 

31 

0.0 


3P-a 

laj 


30.7 

*.o 

■■ ■■ 

31rS 

16,3 

IO .9 

u-$ 

O.a 

•n ¥ 

21,5 

M.z 

3S.Q 

35-3 

.a 

{30 CCl) 

25.3 

n-4 

46.7 

23,5 1 

O.D 

f^O cc_) 

js.a 

ii.a 

46.3 

41,1 

a.o 

" 1 

40.6 


ot 

Absorption. 


¥+.J 

IJ 

^7 

13 

il,a 

11.3 

T 3 .S 

[ 3 rB 

30^7 

3 fi 4 

LM 

^ 5 ^ 


r=n ^ > Seawater > KQ 

was seen to be ^^y much greater in the alkaline solution than from 
the aetd-sdt solution. ITte influence of the concentration of th" 
cell-cont^ts on absorption was noticeable in potassimn only, which 
™ probably due to faulty operab'on, or some defect in the cells. 
The average absorption of chlorine by the cells with 20 per cent 
sugar solution was 18.3 while it was iy.3 for the eeUs containing only 

act on of the c^ m il,e potassium soktiou. A similar discrepancy 

in e action o cells was found in the sodium solution in the fol- 
towing senes. 

In this series the adsorption of the salt was much greater from 
alkaline than from neutral solutions, and the adsorption of K much 
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greater than that of Na, It is also seen that the adsorption oi ions 
hy the colloidal cell was tin I little influenced by the concinitratLon of 
the cdl-eontents: the average loss of cMorine from all hnn^ersioiis 
of cells w^th concentrated contents was 35-3 per cent.; to cells with 
dilute contents it was 54.5 per cent. 


TABLE XTIL 



finmprmfin 

ErnJmtnose- ^ 

AgXOfc. 

PefoentoGe o( 

CoDtenti- 

Ori^Kuil. 1 

Fitmt 

Aboorptkm. 

20 percent,. 

KaO a.aiM 

10 

23-S 

la 


D.AperGcnt,. 

■ 1 

d.O 


Lt.E 

sS-s 

JO pcrcEErt.. . 

(NnCI 0,01) 
(NbOH 0.001) 

ir.6 

24. a 

16.^ 

aa 

0.6 Jlcf «I1L . 

.+ 

0,0 

hp 


27.* 

3Q per tefit,. 

CNmCl 0431) 
tNaOH Q.J105) 

B 


16.7 

40 

0,5 per cent,. . 

n 

□lC 

.j 

tS 

35 

20 percent.*-. 

KCI aot 

IIJ 

24.1 

1S.5 

22,^ 

O.J per cent. . _.. 

w 

0.0 

■ a 

IS-I 

HA 

20 i^cr cent, - 

(Ktt O.OI) 

' (KOH o.Qai) 

p.6 


X4.1 

4 & 

0-5 per ccBt . . 

II 

D.D 

iLI 

IJ.IJ 

41-5 

JD per sMt.... 

(K£\ 0.01) 
CI^OIC 0.005) 

in 

.to. 5 

X4.9 

50 

O.S per cmt... 


0,0 

u 

IS 

50 


While the current conceptions of the physical action of the cell 
make it obvious that the passage of electrolytes into the ceU-jnaterial 
is aflecled very little by the osmotic potential of the cell-contents, thb 
conclusion has not been directl)^ or adequately tested^ The foregoing 
tests show that the adsorption of chlorides by constructed cells with 
dilute contents was but slightly different in amount from the adsorp¬ 
tion by simitar cells with concentrated contents. The average ad¬ 
sorption of clilorides from neutral and alkaline salts in one series 
by cells with a 20 per cenL sap vras i 3.3 per cent, of the inrmersioa, 
while 17^3 per cent, was taken up by cells with contents of per 
cetiL sugar soluhon. In another series cells with the more concen¬ 
trated sap took up 35-3 cent, of the chlorides while those with the 
dilute contents adsorbed 34,5 per cent. 

The relative amounts of the various salts which may be taken up 
vary Tvith the composition of the cell and other controllable factors. 
The well-known acceleration of adsorption in solutions niade alkaline 
is strikingly exemplified. 

Dett. Botanical Reseaicu. 

Cahnegie Ikstttuteon* 
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t INTRODUCTION AND SUMMARY. 

men the Princetop 1920 Expeditfon to South Dakota n-as being 
planned. T hoped that we might succeed m locating one or more zones 
or levels in the White River beds, of wide areal extent and rich 
fossil possihilities, which would afford large assemblages of con- 
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temporary lorm^ and so act as contrqb in ftittttc stratifjraphic and 
evolutionaiy' studies* From Dr, Wortman's" brief notes on bis 
section, published in 1893, the idea occurred to me, long before 1 
had seen more than its ebarart eristic fossil if eroiis nodules, pre¬ 
served in the Princeton and /Vmerican Mnseum collections^ that bis 
red layer " in the Lower Oregdoo beds would prove to be a di~ 
ma-tically controlled feature, owing it$ concretions to ihe evaporation, 
ai or near the surface of the ground, of sub-surface wateJ:s^ rising 
by capillarity under conditions of aridity* and would, accordingly^ 
be easily recognizable in widely separated parts of the badlands, 
would coincide with an old land surface or series of surfaces on 
Tvbidi deposits formed during the arid episodes,, and, affording an 
abundance of well-preserved fossils, as it promised to do, would be 
an ideal control horizon. 

It was also planned to accumulate data for a new section^ as that 
in general use( Dr. Wortmanb) was manifestly in need of revision, 
being based on field nicthods of an earlier date- The origin of the 
WTiite River sediments also called for investigation. These had 
hitherto been descrihed in general terms, sueb as fuller's earth, sands, 
days^ asht etc. By determiniiig their nature and tracing the sedi* 
mentaiy' materials to their sources there might he something to learn 
about life conditions at the time this accuniulatiqn took place. From 
the nature of the contacts separating the various elements of the 
White River series* and these in turn from the Pierre shale below, 
it was hoped to form some conception of the ancient physiography 
and so ascertain the kinds of land stirface over which deposition 
occurred, as these mark the longest halts in the sedimentation proc¬ 
ess, In these investigatiops I have been associated with Mr. H. R. 
Wattless, who has undertaken the study ol the lithology and stratig¬ 
raphy of the White River series in parts of Pennington, Washington 
and Jackson counties, South Dakota^ and has presented his results in 
two able papers already published/ wherein many of the problems 
outlined above are discussed- 

” Wortman, J. E., " On the Divisions ol the WHlc River or the Lower 
Mic}Ccnc of Dakota^" Bii/L /Iws. ATat, VoL 1S93, 

‘Waiiless, H. R., " Xithalogy o£ the ^Tiitc River Sedimentar Pftfc. Am. 
PhiL Soc., Vdl. LXL, pp Stratigraphy of the ^Vhitc 

River Btth of South Dakota,^ Fr^v. Am. PhiL S&c., VnL LXIT-, pP- 190-26?, 

1933. 
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The collcctidg season of 1920 demonstrated tJie amazing fossij 
richness of the “red layer" in what was^ supposedly, wdl-worked 
territory, and we w^ere fully occupied in followiicig the narrow out¬ 
crop of its noduli ferotJS portion in the liasins of Bear, Springs and 
Indian Creeks in Pennington County and at Interior in Jackson 
County. Its wHde areal extent was realised, w^hile its limited vertical 
thickness dernonstrated that it was indeed an ideal contrcil horizon. 
Frequent excursions into the Titanotherium beds below gave little 
encouragement to the expectation of hading there stratigraphic zone.^ 
which could be traced more than a few hundred yards, although in 
some places fossils were in considerable abundance. 

The observations of the first season were presented in my paper 
entitled ” The Turtle-Oreodon Layer " or “ Red Layer/^ a Contribu¬ 
tion to the Stratigraphy of the White River Oligocene (Results of 
the Princeton University 1920 Expedition to South Dakota)* in 
which the “ red layer " as theu known to us was described and the 
hyqiothesis of climatic control formulaicd. 

In subsequent summers (1921 and 19212) with the aid of grants 
from the Marsh Fund of the National Academy of Sciences, the 
" red layer " was followed southwest ward and westward and onr 
collections, stratigraphic data, and conception of the "red layer 
itself greatly expanded^ Search for higher datum planes resulted in 
the re-Ioeation of Wortman*5 upper noduliferous zone of the Orco- 
don beds some 6a feet above the top of the " red layer." 

Fuller acquaintance with these two noduliferotis zones brought 
out, as discussed m full in !Mr. Wanless" papers, that the upper one 
was extremely thin and of limited areal extent, while the lower \s a 
wclbmarked stratigraphic feature, Lraceabk for miles, always abun- 
danEly fossiliferotts, constituting an acceptable mapable unit, in 
fact, without exaggeration, the most remarkable fossil IctcI in any 
of our North American Tertiaries. 

When seen by us in 1920, the concretionary level, constituting 
Wortman'a "red layer,"' wjis supiiosed to be confined to the upper 
part of the qo^odd feet of pinkish-gray clays constituting the lower 
Orcodon beds, but many observations made since then have demon¬ 
strated that additional sheets of noditles may be introduced below, 

* Pros. Am. Phit. Scir,, Vql. LX.^ Nq. pp. 437-466, tgtzi. 
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which mcttasCj not only its thickness, but the difficulty of defining 
its lower limits^ so tJiat it has been found cixpcdieitt to designate the 
whole zone of pinkish-gray clays at the base q£ the Ghneodon beds 
as the "" Turtlc-Oreodon layer ” or " red layer/' no faunal change 
having been noted throughout it. Reference to the lower zone of 
rusty nodules, or lower concretionaty zone, in what follows, applies 
to the concretionary phase of this pinkish-gray clay, which sometimes 
entirely lacks nodules. 

It must not be assumed that fossils ate absent from the clays of 
the Oreodon Lieds outside of these zones, for such is not the case* 
The upper Oreodon cla>'5 in the vicinitj" of Interior afford fr^- 
mentary vertebrate remarns in considerable amount Occasional 
specimens may also occur m areas far apart from each other and 
difficult to britig into zonal relationship. 

Previous tO nur work, the major faunal phenomena of the White 
River Oligocene had been welt established, and'still remain so* Our 
collecting experience supports Dr* Matthew's* recognition of two 
faunal facies, characteristic of the Oreodon clays and Metamynodon 
sandstone channeis r^pcctivtdy^ representing local differenced In 
habitat. As shown in Mr^ Wanless^ stratigraphic report the Meta- 
m>Tiodon sandstones were deposited in stream diannels occurring 
at various levels all below the upper concretionarj^ zone, and certain 
elements in their fauna^ such as Jl/rifliMyaorfon and the anthmeo- 
ihtres, found rarely outside these coarse chEtnncl deposttSj but com- 
luonly within them, may be presumed to have been of aquatic habit. 
The analogy of the " days *' fauna with that of the modern pkiios 
has been commented on by Dr. Matthew/ and is supported by Mr, 
Wanless* fithologic studies. These indicate sheet-flood action of 
temf>orary duradonp over a wide plain traversed by rivers (the Mcta- 
niynodoii titannels) with extremely low Inter-stream divides^ far 
lower than exist today in the present high plains region with its 
IntTctkched drainage. Intervals of aridity resulted in the formatian 
of the concretionary zones as already indicated, so that on the basis 
of both lithologic and stratigraphic evidence, presented in Mr. Wan- 

"Mattliciv/W* 04^ MemairM cf ihe AjrLmfm Mrnsfum a/ Nalfirul 
Vol, Part p. 360 et icq, 

“ Ldc_ cit. , p. 371 . 

7 


98 


SINCLAIR—THE FAUNAS OF THE 


less’ pfipers^ their faunas ate regarded, TK>t only 35 a plains assem- 
hlage* but one characteristic of, at times, arid plains, where arboreal 
vegetation, represented only by the innnnierable hackherrj^ seeds 
occurring everywliere bi the lower concretiomiy zone, was possibly 
limited to the margins of the more or less permanently waterdaearing 
channels, much as are the cottonwoods, hackberries, etc,, in the bot¬ 
toms of the modem draws. The occasionl fioodEng of these would 
account for the liackbcrry seeds in the inter-stream clays, and ^T< n 
for the rapid sweeping together of fragments of the dry surface 
clays, unprotected by vegetation, to form the clay-peUct conglomer¬ 
ates of the concretionary zones. 

No fauna of Ollgoccne age which could definjtdy be associated 
with an old Land surface, or scries ot closely contemporaneons land 
surfaces, has ever been identified, and the recognition of such a 
fauna constitutes one of the more important of our results. TTie 
second point vrhich may be emphasised is the discoveiy^, within many 
groups, of numerous contemporary variutions. Some of the^ have 
already been published," and others will be discussed in the pages 
which follow^ some are interpreUble as itidEvidual variations while 
others seem to be progressive mutations in the deVriesian sense. To 
distinguish between them, wdiere but few specimetis are avaibble, is 
difficult. I have endeavored to put them on record withoutp I trust, 
adding unduly to the oiuldplicLty of names, and giviiigp I believe, 
acceptable reasons for whatever has been done to the synGiiymy. 

My grants from the National Academy were for the study of the 
" Mas&hippus bairdii-Orcodon cidbertsoni Zone/* These forms 
arc the most abundant of all the Oreodon beds species, being repre¬ 
sented by individuals far in excess of tlie numbers indicated by the 
figtires in the lists on a later page, which include only the speciraena 
collected, while many more vvere examinned and left in the field as 
too poor to be w^orth the expense of shipment. 

.Anticipating, to some extent, whn.t will be said later, we have 
found that Oreodon c^lbcrtsotii cnJicrtjofii I-eidy ts extremely abun¬ 
dant from the base of the Oreodon beds to the top of the lower zoue 

• Sinckirt W. U., " The Small Eatdodonts of the White Rjvtct Oli^otene,'^ 
Am. FhU. Sof.j Vol. LXL, pp. 53^i 1922; " HyracmlfTna iram the 

Big Badlands of South Dakota" Proc. Am. Ph*L Vol. LXr., No, i, 

PP- 19^=^ 
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of noduks. One specimen, with auditory bull^ of type, 

which I am imahk to separate from Oreodon rulberts^ni culb^risom, 
vk'aa found by iis in the uppermost part of the Titanotherium beck 
about l 8 inches below the contact plane^ but not a single spectnien of 
thb sub'species was found above the level of the noduliftrotis por¬ 
tion of the " red layer " in which hundreds of individiials occur. On 
the other hand, the smaller 5ub>spedes^ culbertsam pericu- 

ioriim Cope, occurs in both concretionaii^ ^oues, as indicated in the 
lists below. 

Turning now to Mtsohfpptis bairdtij. this has an equally wide 
range, occurring in great abundance in the lower nodular zunc and 
in more Uniited numbers in the upper levd, w^here there are small 
horses inseparable, so far as I can from typical 5 ^wVc^lX The 
Princeton collections do not atTord data regarditig its possible down¬ 
ward range l>elow the level o! the Oreodon beds, but teetli and jaw' 
fragments of Ln the American Museum Calletdoti from 

the Titanol^herium beds, kindly loaned hy Dr, W* D, Matthevr, seem 
to me inseparable from fto/rdu and, if correctly identified, indicate a 
situation similar to the case of O. cuibertsoni culbcTtsOfii 

If there is need of a fannul designation, then the “ Mesokippus 
bairdii-Oreodon culbcrts^fni Zone," with the limitations imposed by 
the stratigraphic range of both of its most characteristic species, may 
be regarded as applicable to the '* red layer " as here re-defined. 

The discussion which follows is limited to the faunas of these 
two concretionary zones. Contemporaneity is strictly true of the 
assemblage from die upper level which is, approximately, a foot 
thick and usually consists of but a single layer of nodules, while that 
from the lower zone rcprescnls the population of successive land 
surfaces, receiving sediments during a sequence of closely spaced 
climatic episodes in which aridity predominated, causing the up¬ 
ward migration of groundwaters and the formation of nodule 
hands as the result of ev-aporation. So closely spaced were these 
arid cycles that die fauna may be regarded as a unit, for any attempt 
to correlate the faunulcs of the successive nodule sheets constituting 
the lower noduliferous zone would he futile, many of the finest spec¬ 
imens collected being in nodules which had been displaced by erosion 
from their origEiial position. 
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A\Tiethtr thi^ rconrent aridity has had anythidg to do with the 
decrease in numt>ers of certain elementg in the faunas betiA^een the 
lower and upper concrettonar}' zones (Or^adon culbertso7d ^idberi- 
sofii, for example) is problemstical, but may be enlertnined m view 
of the absolute extermination of titanotheres at the close of Titano- 
therium beds deposition when?, as we have endeavored to show else¬ 
where, a elimatic factor was probably involved. 

It has noE proved, and possibly never will prove, practicable to 
trace the upia'ard range in the Oreodon beds of each species bsted. 
The considerable tbicknesa of scantily fossiliferous cla)^ between 
die Leptauchenia ash and the upper stone of nodules is discouraging 
to the collector,^ and it will be years, if ever, before the upward range 
of each species into or through this barren zone is established. In 
fact I know of no non-miirine North AtnericaD Tertiary formation 
in which the vertical range in feet and inches of any of its char¬ 
acteristic species can be stated, although broad limits can be estab¬ 
lished, just as have been attempted in this paper for the faunas of 
the Oreodon beds. 

In the lists which follow, the mitnber of specimens of each species 
collected from die two concretionary zones daring the summers of 
1920—22 is indicated by figures in the parallel coin runs lo give an 
idea of w'hat may he expected as a result of several seasons* work. 
They range from the finest of museum material to poor study speci¬ 
mens, although, us the result of critical selection in the field during 
two summers under my personal SLipervision^ the quality average is 
high. Some of the g^ps in the list from the upper levd are probably 
due rather to the exigencies of preservation and collection than to 
the absence of the species in the level recorded, for here every spec¬ 
imen found wa5 taken, irrespective o£ quality* 

lliat the fauna of the lower level conslitutes such a large per¬ 
centage of the total assemblage of species from the Oreodon beds is 
not surprising, in view of the fact that most of the collecting in South 
Dakota, in this part of the White River series, has always been from 
this level, since that 14th of May in 1850 when it was first seen* in 
the badlands of Bear Creek basin, by T. A* Culbertsdn who having 
"ascertained the locality of these petrifactions to be so circom- 
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tscribed * . . hastened to finish cohectiiig in one day.**® Cidbeft- 
sem'a locality ties abotit four and one bsalf miles northeast of the town 
of Scenic in Pennington Count}-* in the bluffs and trihntary draws 
along tlie northeast side of Bear Greek and is directly continuous 
with exposures in Chamberlain Pass between the basins of Bear 
Creek and Cain Crock, along the wagon road and railroad east of 
Scenic^ Hero the lower concretionary zone of the Oroodon beds is 
exposed, the upper level developing no nodules in this part of the 
badlands. The collection which Culbertson made for the Smith^- 
nian Institution came from the lower concretionary zone, which is 
the one affording the rmmerous fossil turtles mentioned by him. 
Nodules are iypically developed but are neither as abundant nor as 
fossiliferous as in the upper part of Bear Creek L^in, Our own tol- 
lectionsp made from the great pocket” examined by Culbertson* 
and from the bluffs directly continuous therewith in Chamberiain 
Pass, include Dapfamus vcUis, H&phfhoneus Mesohippus 

£?£tireitt, Orcodon cuih^sisoni cuibertsani, Or&odon cutbert^oni p&ftcu- 
iontm, Hyrtjcdoon ^.* Cisnopus sp,, IdGps cfuA^olmwir, SfyJcmyJ 
nebrdscefisis and the peculiar .variant of H^ 4 rf/krof?itfriiiw iwflitoni 
disaissed on a former occasioii and to be again mentioned later. 

IL THE FAUNAL USX. 

lu the list which follows, only those forms are mduded which 
were actunjly found by us during the summers of 1920—22 in the 
concretionaTy zones of the Qreodon heds+ Ounssions indicate merely 
our failure to find specimens. The figures in parallel colmmis show 
the number of individuals secured. 

Ldncr NmIuIix VvShs Jfodulai 

pTdn fip- ZdEL^ 

CAJlEtlVOilA CftEOtiOKtAl 

Hytrnoden rmifiain Letdy - . . * * ^ .. . . - - S ^ 

Hytmodon irnwfitia Leidy . 

HyiFiutdM horridtv Leidy 3 

Cabnitosa Fissifsima! 

DapJi^us i-eivu Leidy and Its variant* 7 

Duphaniui A<3rljJiarttiiiFiiiJ Copt t 

■ CulberUotL, T, A,. " JiiuniBl of an Eipedilioa tfl tbe ManvaLssj Temes 
and the Upl»er in tasft," Siniihsiiniaii Inititution. Fifth Ann. Kept.. 

i8st, pp. 







102 


SINCLAIR—THE FAUNAS OF THE 


Cyiwdktis gregariuj Cope -- 3 


Dinieiii frOna Lcidy . p 

Dmiciis jqualidciu Cope . i 

HopJef^hoknii primm/tu Leidy 3 

// Qphpk^n^j T'^bus^tij Adajus _ _ __ i 

Heplitphoneiu insolnu Adams 1 

IxsEcmofiA: 

Ittops dakcitaiis Lcidy ^^^, 3 

Roi>extl\ : 


hchyromys typus h£dy __ 7 * 


£wi»yf WfjfiHf Letdy ... . . if 

FalfToiagus haydi^i Lcidy ,.,. ^, 6 
Pai&ohgut turgidns Cope 3 

PEUSSCinACTTLA i 

Hyrucodon firddenj Cope 2 

HyrtKffdon nrbrosctnsis Leidy _ _ __ i 

Hyracodon u^^rha Sinclair i 


Ctrnafntt ocdd^la^u I^idy .2 

trtc^ntialis Leidy__ _ __ _ i 

Cfi^crd^H Osbom and ^Vorbimn I 

Mffsakippfij boirdii Lcidy * *. 39 

AnnOUACTYLA^ 

Arch^otfttrh^m Lddy ..... .la 

idrc^ufo/AfTTuni fmifMHi? (Mar^h) .*.... 1 
Archceoihtrium witnlfssi Sinclair 2 

Artih^eihiriUm sp, ... . .. 

PerchfTHLs niTHiiJ (Marsh) _ 

Atrrtu- dnii^iu Leidy r 

t^rcorfan culb^rfitrm culbertsmd Lcidy ,^.33 
Orccrdffn cuiberisom pfriculoruin Cope .*.-3 
Ort(ydott graciSit T.eidy . 3 

Epgrifodfyji bnliaiitt Leidy p». + , .# a 

Lf^Joinery4r flsmW Lcidy 6 

PochroihmuTTi imd^rfoni Troxetl i 

sp. __| 

Avzs: 

Btrda* egffs ---- p.2 


j 


I 

5 % 

I 


IS 


1 

I 

a 

iTI 

t 


• One spedmen from days Just above lower zone of uodiilca is here in¬ 
cluded. 

t Specimen of £. tli^gam was foimd 30 feet atbovc Tower zone of nodules. 

t One spedmen here included Imin dayi about 10^ feet {plug or mmixf) 
below upper of rusty ttodules. 

J Very Urffe astra^lns of an entclodont i fm below upper jone of rusty 
nodulcE. 

l[ About 10 feet bdow upper cone of rusty nodiiles. 

IJ 30 feel above lowirr aotic of rusty uodules. 

Clays about JO feet fplm or miims) below upper imc of rusty xwdtiles. 
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Eettilla: 

Fif/^< 3 .n£ur%r Cope.. . . i 

Sfyirmyi mfbrtMcaisis Leailf -ifi ^ 

lit. CRITIQUE ON THE FAUNAS- 

The varfous dcmtnts of the faunas of ihe two cooGinetioiiaiy 
zones may now b* examined in detail in the order listed. 

CREOPO^aTs ; H^ipnodm. 

Our coUeetaons of the past three summers are exceptionally rich 
in remains of HyirTiodoit which^ strange to say, exceed mitiiericaliy 
those of the Canid^^ AVe are particularly fortunate in havmg se¬ 
cured a uumljer of itnctiished and exceptionally j&nc skulls, a series 
culminating during the sttnimer of 192a in a magnificeut, complete 
and uncrushed skull of Hy^nodon horridiiS with ardcuLited lower 
jawSp found by Mr. T* Lawler, whose recent untimely death is to 
be deeply regretted. These speciniens illuminate certain points in 
cranial anatomy which have been regarded as important in dassifica- 
tion. 

Mr, Thorpe* has recently nought to establish a new genus Nco- 
hy^cnodon for the reception of Leidy’s Nyfinodon horrtdus^ propos¬ 
ing generic characters as follows : " Larger than Hyarnodon, dolicbo- 
cephalicT glenoids far below the basicranial planep basicranial region 
foreshortened, dentition similar to Hy&^nodan except for the antero- 
external buttress on the paraconid of 1113h” The absence of this but* 
tteiss in ff. rnnrnhij has been asscrtexl by Osbom and VVortman 
and also by Scott^^^ but 1 find it preseot, although not prominentp on 
rn3 on both sides of the lower jaws of the specimeii Professor Scott 
figures as rrwriiitMJ in the memoir referred to (b^u, lOOiO Princeton 
University Geological Museum )> as well as in several other speci¬ 
mens which I cannot separate from H. crusfiltis. It is also present 
in H, rrwtfliiir, the type specimen of H. musteJiinus, the type of H. 
^durfdrftr^ and in such European representatives of the group (H* 

* Thorpe, M, R, “'A New Genu of Oligocenc Hi-^nodontklK;' 

/tiiir Set, Fifth Series, Vot. HL, No. iS, April, pp, 27^-20^ 

■Osborn, H, E. and W^^rtnran. J. L, Bull, .-fwier. Mtu., VoL 6, 

Tabic DU p. ga-t 

r “Scott, W, B., /(fur, A’flf. StL PHtla., Vol, IX^ No. x, iflS6. Table 

mi p. i?5‘ 
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as 1 have bs^ti able to cxsmidc. I have also observed 
it on 012 in the type of //, and in unvi'Om teetfi of H. 

entdittt^j Fit cf^i€nt\fi, and //* vuiputusf with faint traces of it on un¬ 
worn mt in both of the latter, and would expect to find it on the 
unworn anterior molar of rlie otJicr species. The shorteniog of the 
basicranial region and elongation of the glenoid pedicel seem to nic 
of specific rather than generic significance. Our newly aetjuired 
skull of fionridHS is an old individual, with worn teeth and interlocked 
jaws, and measures 320 mm. from prosthion to occipital condyles, 
slightly exceeding in this respect the larger of the Yale specimens. 
The interlocking of the jaws conceals the lower teeth, but the buttress 
is plainly seen in UtUe-wom teeth in another lower jaw of similar size 
(No. 12649). Here tlie tip of the mandibular angle is deddedly in’ 
verted on both aides, as it is also in our laige skull, whatever may be 
the situation in the Yale specimen. 

Fortunately, tlic auditory btilLe are preserved on both sides in a 
splendid skull of Hysnadon cruenius (No. 12580 Princetun Uni- 
versily Geological Museum) found by Mr. H. R. Wanicss during 
the summer of 1920. The buila ou the left side is in normal posi¬ 
tion. and is shown, natural size, in Fig, i, where it is seen to be a 
half ring, circular in cross section, the gap in the rim opening out¬ 
ward and forward, and the whole lying loosely above the deep cavity 
lodging the petrous. I have excavated the auditory region In our 



Fia I. Hyanod^n Na 12380. Auditory nirbii of the left lide 

^ tmin Wow, natural sire, showing the seml-drcular, loosely aiiaciuai, 
lynipanic uuljq the petrous. 

large skull of H. horridtts, and find that it threes structurally with 
the same region in crtteniHs, the ring-like bulk, however, king 
missing, as usual. The petrous crosses uhliqitely a large deep fossa 
similar to that found in the European hyrenodons, specimens of 
which in the Paris museum. Pere Pierre Teilhard de Chardin has 
kindly examined for me aud on which he reports as follows: 
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“J'ai cherthe sans r^tiltat 5ur ks Bpedmms dn Mtiseum le 
detai] anatomiquc que vous desirez connaitrc pour les Creodonts 
(Hylffinixlomids et formes voisities). Nous possedona quatre bases 
de^ eraue bien conserveeSt deux d*Hyi^f^odon^ une d^Pt^odon, une 
d'QtifrQ'i'/sfrittiM. Aucune oe possede, ou u*a conserve, dappareil 
meme annoJaire^ autour de la cavit* tytnpanique. Sur Hy^ 
trnodan, le tocher (‘pctrosum*) eist dans une tosse profonde qui 
suppose Texistence d*une tns^eloppe, au moins cartilagineuse. MaSs^ 
sur les fossileSp cette euveloppe a dispam ou s^est d^ach^, sans 
Laisser dc trace/^ 

UudoubtedJy some ^rt of soft tissue supported the slender semi- 
aunular ty'mpanic* toofuig over the ragged ^^tnpanic cavity as 
gested by Pere Teilhard. With its decay, the ring-bulla reailily 
became detached. In fact+ on the right side of No. 12530 it occupies 
pracricallv a vertical position^ and has not been observed at all in any 
other skull in otir collection. 

Great variation occurs in the extent to which the posterior nares 
are roofed in by the palatines and pterygoids both in H* crucians and 
cmcrMs. Ln some specimens a deep narrow notch extends for¬ 
ward between the palatines, well anterior to the ^ture between the 
Utter and the pterygoids, w^hile in others the palatines are in contact 
throughout, or but slightly notched posteriorly, and only tlie ptery¬ 
goid processes separated by a notch. Confining the census to our 
new material, this deep notching occurs ui one of four specimens of 
H. cfuciitus and in two out of four specimens of and 

renders doubtful the specific distinctness of H. ieptocephulus: Scott,^* 
in which the palatines are described as in contact throughout; 
pterygoid plates of alisphenoids meeting below. One specimen 
showing the juncture of the pterygoids posterior to the suture is 
noted by Thorpe in the Yale coUection, so that this variation is fairly 
common, although less so than the others. If teptctceplialus is re- 
lained, then both the deeply notched and shallow notched variants nf 
crucians and cruenUu are entitled to names, which seems like forcing 
matters unduly. 

Both H. paueidens aud //, musicllinus are Oreodon beds forms, 
the latter from the lower Oreodon beds in Corral Draw (not lower 

^ Scott, W, B, Buliciin af tht Mus. C<jmp. ZoShgy, Harvard, VuL 
XIII., No. 5 . I- 
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Protoceras beds^ annotmced in the type description)and, to 
judge from the matrix, probably from the lower concretionary zone. 

Apart from these two iorrris, there seems to be little tendency 
towards the devdopnient of transitions in size between the three 
common species, which forra categories well separated in size, with 
the exception of our No. 12539, '"rhich is not separable from H. 
ertientus by any character ether tlian size, but is distinctly smaller 
than the average in that species, although much larger than cnAcians, 
as will appear from the following measurements: 



/f. 

No. 

1354^>- 

fTK- 

No. 

C7*f- 

No. 

J3S3I, 

S. qra- 

No, 

iSaSu. 

if. mi- 
mlitr. 

No. 

lews- 

ervr- 

No. 

iiloio. 


^.5 mm. 

mm. 

114 imn. 

log mtn. 

106 moi. 

toT mm 


4S 

63-5 

6a 

71 

ft74 

67 


35-5 

3ft 5 

^ft 

3B 

38.5 

411 

P4,. 

12 

I 6.3 

— 


30 

ifl 

m,3 . + 1 

jM 

33 


34_5 

34 
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Doos: Dapfi&KUS and Cyiitfdiffij, 

I have experienced considerable difficulty in formulating cotidn- 
sions regarding the spedes to which our specimens of the larger 
dogs of the genus DapSurnus should be referred. The differences 
mvolved, and the melange of characters in the various specimens, all 
of which are contemporary and from the lower concretionary zone, 
seem to be comparable to the case of the smaller entdodonts of 
the genus ATtlnEcthffium discussed on a former occasion and re¬ 
ferred to on a later page of the present paper. Possibly a similar 
explanation will apply here. For reasons which will appear later, J 
have adopted the expedient of referring all of them to Leidy’s D. 
vetus. 

Taking dental characters first, the newly acquired Princeton 
material presents an interesting series of contenjporary' variations 
shown in Fig. i. Some of tlveac cannot be fitted into the existing 
classification. Among them, our No. 12587. Fig, a. in the length of 

” Switt, W. B., “The OsleoloEy of Hymtodan" Jaur. Atad, Nat. ScL 
Phila., Vol, IX,, p. Joo, ’ ' ‘ 
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the upper molar series and iu the dimensions of their crowns, ap¬ 
proaches closely Leidy’s fragmentary type of Daphanus ych«,“ 
where the last molar ‘‘has a small transversely oval crown with two 
tubercles and is inserted into the jaw by a single fangt ^ which 
agrees closely with the situahon found in our No. 125S7 except that 
in it the outer tubercle is smaller than tbc inner, while in Leidy’s 






^ 

% % % 


Dnpkfrnns tvhis Leidy, 








Fic . 2 , 

and assodatcii tn3 (lower itraO 


to 


Cdtnparitlive scries of row) 

shcFW variiitLoo in cmwii pattern, uatur^il 


type, both seem to have been alike. The latter lacks all the anterior 
teeth including p3 which, in our spednien, shows the posterior half 
of the crown bulged inward broadly at the base. A second varLuit, 
also with small single-rooted third molar (No, 12635, ^*6’ 
this inward bulge greatly intensified and centrally placed opposite the 
main cusp, not supported by a separate rtmt, but by a widening of the 
posterior root of P 3 ' Here 013 shows a small posteroexternal cusp, 
so that the outer part of the crown is wider than the iimer. A sim¬ 
ilar maximum bulging of the inner side of p3 is found again in our 
No. T2648, Figs, i and 3, but here m3 was douhlc-rooted, the alve¬ 
olus for the inner fang being larger than the outer. Tbe dimensions 
of its crown probably did not exceed those of No. 12635. In tbe 
matter of double-rooted third molar, and in other respects to be 
indicated later, it agrees with Hatchers Proa^nphicyan nfbrciccnsii 
which, to judge from Hatcher's figure." lacks all trace of mterual 

’‘Leidy, J., "The Ejrtioct Majiwnalian Faitaa el Dakola and Nebraska, 

PL 1 _| Fig:, S- 

“ OHgioeeaie JVfiw,, Veil, Nu. 

a, p. 9 ®. Fig. 7 * 
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bulge in p3. Finally, a toiirtb variation appears in No, 1:2651, Fig, 
3 , where 1113 has two outer cusps, is quite |ai^ and apparently single- 
rooted, and the shape of p3 agrees closely with Hatcher's figure of 
the specimen referred by him to Daphtmus feiiaus"^ In only one of 
our new specjmens. No, 12635, the canine retained undamaged, and 
is tliere long and compressed witli posterior cutting edge, as in f, 
Mcirarrcnjij Hatcher. In all, the upper sectorials are of the type 
shown in Fig. 2, No. 12635. In Fig- 3 ^hc external concavity of their 
shearing blade has been somewliat masked by fracture of the tooth 
crown and displacement of the broken parts by matrix. H these 
differences in tooth structure are to be regarded as speciEc, cer¬ 
tainly one, and perhaps two, new species will have to be admitted, 
for neither No. 12635 nor No. 1264S agree with anything prerioudy 
described, and differ from each other in the number of roots sup¬ 
porting m3. 

I have also attempted, without success, to use the stmehire of the 
auditory region for classification purposes. Tliis area \s exception¬ 
ally well preserved in many of our new specimens and might be 
assumed to afford constant characters. These large daphsnids nn- 
doubtedly had a loosely attached auditory bulla, now lost in all our 
material. Conq)lete bulla: are preseoi'ed in several specimens of tbe 
smaller species, D, bartshomianus, in the .American Museum collec¬ 
tion and a partial bulla was figured by Professor Scott in his menwir 
on the White River Canids.” This figure is indefinite in the details 
of the mastoid region, which las, subsequently, been more daboratdy 
figured by Hatcher,'* but unfortunately from a distorted specimen. 
In Fig. 5 I have attempted to show it as seen in an undistorted and 
imcTushed skull lacking the bullte. No. 1264S, from the lower concre- 
tiunary zone in Corral Draw. Comparison with Hatcher's figure ju.st 
referred to will sliow a number of striking differences. With regard 
to these, Mr, O. A, Peterson infqrnis me that the condylar foramen 
in Hatcher's drawing La represented too far forward, and that crush¬ 
ing seems to have affected the size and probably the shape of the 


"Lm. dt, Ft, XVr., Fig. 

Scott. , B,, Notes aa tlic Canidz pi 
Traw. Am, Phil. Soc., Vol. XIX., PI, XIX-. Fig. 4. 
** L«. dt., p. 74. Fig. 3. 
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reniform fossa, which is smaller anti of different shape on the left 
side "a feature not as faithfully indicated in the illustration re- 
It^td to as might have been,” and other errors are im’olved m his 
PI XVI., Fig, 5. which, so far as the basicranial foramina and the 
tympanic region are concerned, ” is not to he too much relied i.jx.n. 
Similar lettering has been used for the cranial foramina in Fig. 3 
to facilitate comparison with Hatcher’s drawing. Fortunately, such 




Fia 3, Dafh^nu, LeWy. Side 

cnished ill, ci Iwlf nataral slac, drawn from 
wn. (W, Alisplwaoid canal; fe, foraw« owde: f-. 

fin.., nWiseSly the foramen laremm niedimn; fr. 

fenestra oralis is not risible in palatal view m this skull, but lies in tlic dark 
lenesrra oTiuu » .. f „**««i* whu-e there are two openings on Hie 

shadow on the mrtcr side of the petmis. wtvere in^rc are i s 

left side and one on the righl) 1 

foramen perforating tnastoid: fr., petrous; jugular to™, r.f,. rmitorm 
fossa; F.f,. condylar foraraen. 
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of our new specimens as retaiu tlie auditory- region show no crushing, 
and comparison may be made directly with them. In No. 12648. 
illustrated in Fig. 3, the renifonii foss® are small, and the broad ex¬ 
panse of mastoid surface back of the petrous promontory and be¬ 
tween the mastoid and paroccipital processes is unbroken, except for 
a small, circular foramen, (?) in my drawing, and also shown, but 
not named, in Hatcher’s figure. In most sperimens of Doplueniis, 
both large and small, this region 15 penetrated by a large, irregular* 
often smooth-lipped vacuity, A transitional condition is found in 





Fic_ + vftas Leidy* No, 12643. 

tiatnrnl stae, showing the high sagittal qnjsL 


Back of tbe skull, one half 


our No. 12587. which, as will be recalled, more closely resembles the 
tpie of Z>, zvtus tlian do the others, and which shows, on the left 
side, a small foramen perforating the mastoid, as in No. 12648. while 
on the opposite side there is a considerahle vacuity replacing the 
foramen. The renJform fossie also vary greatly in shape in the dif¬ 
ferent specimens, and 1 am forced to the conduslon that little de¬ 
pendence can be placed on the stnicture of the auditory region in the 
matter of species makings 

In the complete and uncrusbed skull shown in Figs. 3 and 4, the 
^t^ and occipital crests are seen to he high and sharp, as m 
Hatcher s Protnnp/iiryon «e6rttn:ciisif which, by the way. docs not 
seem 10 me worthy of a generic rank separate from Dapktrnus, but 
to present characters no farther removed from it than those discussed 
abore under dentition. Both canines in the specimen figured were 
Lot dt, II. 9G1, Fig. 6. 
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we£ither-{kin3ged previous to fossilixatioo. and I have increased theif 
ki^, in outline, to approximate throe of Mo* 12635 already de¬ 
scribed. . 

It is perfectly ob^dous thus far that differences between mdi- 

«duab multiply as more specimens become available, and the pos¬ 
sibility of adding to the ODtiienckture seems limitless. 1 am tliere- 
fore disposed to expand our conceptioti of D. rtTtax Leidy to mdnde 
these various (probably intercrossing) strains, among them ProoJB- 
fhkyon mbrasccHsis Hatcher, which, by the way, is from die Oreo- 
don beds. 

W'hen a series of lower jaws ts cixamined, inter gradations are no¬ 
ticeable in the size and strength of the mandibular ramus, die sm- 
tiosity of its ventral border, and the degree to which the posterior 
lower molar and the anterior border of the a-scending ramus are ap¬ 
proximated, as also in the size of the teeth themsdves. which mchnes 
me to question the possibility of separating species on these grounds, 
and so of distinguishing between D, vclus Leidy and D, /ffhimr bcott. 

I have no new data to offer regarding D. hartshamtannJ Cope 
which, bv some chance, is represented in our new collections by but 
a s'mgle specimen of a rather small individual from the lower con¬ 
cretionary zone, 1 am not con^dnced of the desirability of rafemog 
it to the genus frotriHMOfyon as proposed by Hatcher, ^ 

No additional light is thrown on Cyt^odicHsby the collections of 
1920 to 1922. Earlier Princeton expeditions have found the com¬ 
mon species, Cynvdictis areganits Cope, represented m t^e Orwdon 
beds bv a comparatively large nnmber of specimens, usually skulls. 
By some chance, only one fairly complete skull, with attach^ lower 
jaws, and two other very fragmenUrv- skulls, were seemt^ by us 
during the past three summers of field work. All are from the ^er 
concretionary zone and from the Corral Draw-Little Corral Draw 

Cats ' Diinktis^ ^nd 

All specimens referable to Dinirfff >n our 1920-23 collections are 
from the lower nodulifetons zone, and fall naterally .mo two d^- 
tinct and sharply contrasting size gTOups. identified as DintchJ f^btut 


Lot. 
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and Diitichs squaltdtas respectivdy, the former, as indicated Jti the 
list, represented by a larger suite of specimens; the latter, by a single 
specimen, No, I 3573 > f™in the Icrwer concretionafy aotie in the drain¬ 
age basin of Bear Creek, 5.1 miles south of Scenic, along the Res- 
en^ation mad. This iqdi\'idual was somewhat smaller in tooth di- 
me^ions than the specimen (No. 113^9 Princeltm University Geo¬ 
logical Aluseum) referred by Adams to sqifoiidctis'j as indicated in 
the appended table of Tneasnrements. but I do not think these suffi- 
cient to affect the specific reference. 

Kflfr 11379 . 

Upper premoUr—molar series, length 37 imn. 41 irnn. 

Upper sectoriiijp laigth janteroposLcriorly j6 

L*wcj: premoTar'’inolar Tengih 44.5 

Apropos dI Mr. Thorpe^s “ identification of Faguiwdon in the 
River it may be pf interCiSt to 

note that one of the above-maitioned specimens of DinicHs feHna, 
No. 12698^ a lower jaw with back of skollt has no trace whatever of 
the metaconid on the right sectorial molar, and only a small meu- 
conid on the opposite side. MT b still retained on both side^, 
although stnall and crowded completely to ihe inside of p4 on the 
right side, overlapping tlie latter tooth. Its loss would conv'erl the 
right side of this jaw ttitn a Fogojiodon^ in which direction, appar-' 
eiitlj% some in.di\aduals of Finictis were varving_ 

A number of finely presened skulls of hoplophonids of inter¬ 
mediate size from the lower concrelionuiy zone, obtained principally 
by the expedirioiig make possible the recording of a larger series 
of measurements than has Intherto been availahk. The genus is so 
w'cll known that 1 liave nol attempted dctajlcd drawings, and merely 
present outlines in Figs. 5 and 6, to give the general proportions of 
two of the skulls which I desire to thscuss, depending on the table 
of mcasiurenietits for exact dimensions, where figures For two skulls 
in the Yale collection, taken by Mr. Thorpe^® as the types of Hop- 
iQphonnf^ toUdens and Hoplaphofttn.^ fnolossus, have been placed in 
parallel columns with siniibr tneasureinents of five skulls in the 

“ThorpSp^ M_ ;R., Specie^ of Ohi^gceiie (White lEiver) Feildse/* 

Am. four. ScL, Vol. L., ScpC.p 1520, p. 222. 

■ Tborpe, lot dtp pp. 207-224. 
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Princeton collection^ of w'hich No> is tbe one used hy Adams 

in further defining HQpl&phor^us pnmi^tms. H, md^ssus Thorpe is 
smaller in sWiiI! length, tooth row and various other measuTcments 
than the other skulls in the series, although exceeding certnin of them 


Fic. 5. Haplcpkonfm primal^ No. 12750. Side view of the sktdl 
and jaws two thirds the natural siie Pj"™! outlined trom the 

opposite side. Dn^wn from a phoEOgraph and the specmiciL 


in various respects^ while our No. 1^749 ^ general, 

larger. The othersT including H, hfidins" Thorper agree sn closely 
in size with Adams^ specimen of H. primirvi^ and with the smaller 
of the two skulls hgured by Leidy on FL 4 of the Ancient Fauna 
that I see no reason for referring them elsewhere than to that species. 
When arranged serially with reference to skull lengths, this 
ncwdy acquired Princeton material is 
between primtFVif^ and H, n^bushis. 


m size 


Adamj, G. I.* /our, SA-t PP 4i?H444^ 
S 
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Fic, Hopiaphnncus robtufus P Adams, No, Side Tif^w dI the 

^]mll aikl jaw^ two thirds llic natural aiaCr Cisit-cr of arc^ rcc^n^tructedr 

Drawn from a photograph and llic specitnoi. 


H, oreodoniii Cape, Itingth prtix.-conilylcs . tJS mm.* 

-Ff. ^nwfUiL-Mj Ltidy, length pm^.-enndylca 148 f 

H, primtFVHS Lcidy^ No. 12543, Jeogth, prnK.-condylca ......154 

H. frrimittmi Le(dj% No. length, pmK.-coDdyles ,^....157 

//. prinia^s Leidy, No. 12750a, length, pmx.-coodylefi .+ ,^.165 

//. robutius ? No. 12740, length, pmx--candylea .- + , + ,*.174 

//. robujlus Adairis^ length, pnut.-ccodylej ^^ +1S0 • 

H. tnm/rRj Adams, length, pmx.-coiidyles . + + * 

ff* ^cfrideHralrr Adams, Icngtli, pmaL-conslyles .,.^, .260 * 


This IS precisely wltat his go often been daimetj would happen 
if a EFwffictently large series of specirriCTis wus available: the breaking 
down of specific distinctions and the merging of species with species. 
In this connection ihe data presented by A. A. Dunbar Brander in 
his recent book " Wild Animals in Central India," for size varktlnn 
in the niDdera tiger and leopard, are of interest and may weU sug- 

* Fide Adaraj t IS* mm. m No. iiQia Princclon Uiuversity Geologioil 

Mniieilin. 
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gest caution in the erection of spencrie^ on a diniensional basis. The 
leopard seem^ to be particuLirly variable in this respect ** as mature 
animals not mudi bigger tlum the largest of cats up to animals which 
bear comparison with small tigers are sometimes met with.” 

Two of our newly acquired skulls, Nos. 1275a mid 1275^^1 
identified H&ptophomMs primtrvHS^ vrerc found less than a fool 
apartp intcimingled W’itb parts of both skeletons, 111 a large nodule 
of cemented clay-pellet conglomerate in the lower concretioiiary zone 
ta Battle Spring Draw (N!evis Creek). One of the skeletons has 
Ijcen mounted and is shown in Plate I., Fig. 2- The skulls differ 
from each other slightly in size, dimensions of die sabre, weight of 
the supraciliary ridges, depth of Frontal depression between the 
orbits, and rugosity of the mastoidsi and [ have assumed that the 
smaller and more iunffect skull, shown in Fig. 3 and Plate I., tig. 2, 
was perhaps a lemalc. Possibly the pair were mates^ drowned to¬ 
gether* DitTerenecs in tlie shape of the obturator foramen in the 
pelves support the idea of a sex difference. Neither skull is at all 
crushed, although both have required some mending and a minimnm 
of reconstruction from the opposite side to supply missing parts. In 
the profile. Fig. 5, no reconstniction is involved, except sketching 
pj-mi from the opposite side. Measurements of a few of the asso¬ 
ciated limb bones show them to be a little shorter than the figures 
given by Adams for H. (No^ 11013 Princeton University 

Geological Museum) as follows: 




NSI. IJTS&r 

KQr itnlj- 

Femur ..... 


17a niitL 

1S5 niiiL 

Tibia ...... 


.. m 

14J 

HumcTui 


.. ISJ 

160 



.. 117 

123 


Both of these skulls are‘ of interest in shoiving minor dental 
atiomalics. No. 12750 has an extremely small first upper premolar 
on the left side, resembling a small incisor, single-rootHi, with 
Obliquely placed crown, sitnated close to the canine and sloping for¬ 
ward, while in No. 12750a, where no trace of this tooth appears, the 
second premolar is double rooted on the left side and single^rooted 
on the right. The depcndenl flanges in the jaws associated with 
these skulls are veiy deep, with round ends, a sort of small-sized 
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U6 

cditicin of tfie form t liave mined Ilofihpkajiriis mi’ntalis^ from the 
Titanntherium beds.^® Variatiotis also ^^ppear in the shape of the 
heel of the lower sectonaJ^ which Is very smaJl and without posterior 
basal dispute in a right nunus, and larger and slightly notched by 
the development of such a oispuJe in what appears to have been the 
opposite half of tlie same jaw, a5 shown in Fig, 5. 

Adams^ iliustrations “ of the skull of H. primanits are mis¬ 
leading in that lie has figured a somewliat vertically crushed skull 
which Jacks the top of the head and the sagittal and larnbdoSdal 
crests. The dorsal profile of the skull^ represoited by him, is incor¬ 
rect, producing a kinuiier-headed ettcct quite noticeable in skulls 
which lack these crests; for example^ those shown in Lcidy^s p 1 ate+“^ 

A somewhat larger skull, with associated lower javf, No. I2749 p 
is shown in Fig. 6. The center of each arch has been recoustntcLed, 
but otherwise the skull is entire on the side shown in the drawing, 
and is quite uncru&hed, with the margins of the crests unbroken. 
This specimen, from the lower cnncretiomry zone in Corral Draw, 
approaches dosely in siae the type of Adams' Hophphonctis ro- 
btisfus, the larger skull figured by Leidy on PL IV., Fig. 1, of Tlie 
Ancient Fauna, with w*hich it also agrees in a somcwhnl greater con¬ 
cavity- uf the facial profile anterior to the orbits and stronger frontal 
bulge than is found in No. 12750. The lower jaw has a less deep 
flange than in the JatEer, although the length of the jaw^ is greater, the 
coroooid process has less backward slope, the angle is greater, and in 
the low'Cr scctoriaJ there is a small basal cuspiile in addition to the 
metaconid, hut how constant this might prove to he, in view of the 
variation noted above m connection with No. 12750^ is questioimhle. 
An interesting dental anomaly is found in the right ramus of the 
lower jaw. where a pair of roots, evidently for the support of p^, are 
foimd, 9 mm. in advance of and occupying a space 4.3 mm, in 
length. No trace of a corresponding tooth appears on the opposite 
side wdiere the jaw margin is thin and sliarp. 1 have indicated its 
position in Fig. 6 by a pair of pointers and the appropriate lettering. 

Sinclair, VV. J., A New Hophphantus fron] the Titanothcrium Beds," 
Frdf. Amer. Phil. Soc.. Vu3. LX., Kd. 2, pp. i)6-^. 

^Am^ jDUT. .Sd,, 1^96, Pis. X- suid XL, optp*stte to p. 444. 

Andoit Faiinai, Pi, XVlIl., Fig. 1 ; EKtinct Manmialian Famm, PI. IV., 
Fipr- s 
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♦ Lenglhcned unduly by frartiwei tCondyle slightly dlniilaccd upwrard in imlrii, iliortenitiB hasion-tiBiton and baaion- 

Ijr^raa diaowslers. 
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MEASL'REIIEHTS 


1.0WT1L Jaw. 


Length, nunu^ .,, 

Etepth, “ symphyals 

" port- Ui p4 

^ fitmgc . .. 

Lettitll pj-ni I_Siic*, * . X...... 4 

DtaffCcma C-pj . ., , p,. r.., p. = 
P4, kngtb of base 
■* raaiiinuni uiijLh. .. . ...« . 

MIp Itngihi of Mae. . 

" maxlmiicnwSJlh 


Il2i 

3 

“S -uS 

lis* 

. d S 

1 

f - 1 ; 

t r R , 

i ^ d 

1 -i 
1 

A.. 

1 

k m if 

M a 

ti 5:^ 


TI1I71. 

Tnin. 

mm. 
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109-5 
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40 tcatrl 

39 

3 a ± 

40 
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^3 
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33 
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38 
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Individuals with vestigial teeth similar to those here described serve 
£0 bridge the gap between Hop^phomm and Dinkti^, 

Hoplophon&us orcodontij CopCp the typ^ of which, hy the way, 
is from the Wliilt River formation df northeastern Colorado and not 
from the John Day, as stated by Mr. ^^Thorpep^^ Tvas suggested by 
Cope ^*" as possibly only a r^ional varietj' of 11. priinmn^s. The 
specimen described and figured by .Adams(No. 10515 Princeton 
University Geological Museum) was obtained by purchase from L, 
W. StilweU, and on Mr. Hatcher*s index card is entered as from the 
Oreodon beds, South Dakota Badlands^ locality unknown. As is 
indicated on an earlier page, it constitutes the minimum terminal 
member of a size v-arSation series, and whether a regional variety of 
priin^nms or a distinct species, I have not been so fortunate as to 
find anytliir^ referable to it in our recent work, or to Thorpe's Hop- 
lophonmj iiuirshi°^ a small form of about the size of H, oreodontis 
and supposedly from the Oreodon beds. 

A large cat. No. ^^ 590 , with a skidl length (premaxillae to con¬ 
dyles inclusive) of approximately 191 mm., from the lower nodtikr 
zone in Chamberlain Pass^ east of Scenic, agrees so closely in this 

/mir. Sti., VoL Sept., 1520, p, 314. 

“Tertimr Vdlebrata, p, 9^, 

•Loc. ciL, p. 42 ^, PI, XL, Fie. z. 

" Thorpe, loc* cit, pp. zi[- 2 i 4 
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dimcnston with H. insolent Adams that it may be referred there. 
Just what a series of skulls of some of the larger Implopkmids would 
show in tlie matter of sire transitions reniains, for the present, a 
matter of inlerestitig specnlatinn. 

IssEcnvoBEa: Icto(>s. 

So far as I can see. there are no specific differences between the 
siutes of insettivore specimens from the two levels, nor anything 
which W'oiild warrant their reference elsewhere than to Ictops dako- 
Unsis. There are some individnal differences in size, hut that they 
have specific significance is nnt apparent. 

Rodents r l^chyromys, Eumys, P{d£toIagtis. 

Rodents are, undonbteclly^ more abundant than the scarcity of 
specimens in the lists would indicate, Particiiliirly must this be trtte 
of the murines and perhaps others not yet discovered), 

frequent scoirngB by ihelr small incisors appesxmg ou all sorts of 
bones. Possibly isebf^fsceniis Leidy should have been 

added to the fauna of the lower concreticiiiary aone. A fair skull, 
prescuted to us by Air, Walter E, Brown of Interior, was found hy 
his children perhaps in the Ijowct Orcodon beds on one of the low 
buttes on tus ranch. The small amount of adhering matrix contains 
a good deal of coarse quartz sand, mica foils, etc. In view of the 
uncertainty^ of the specinied''3 stratigraphic position, 1 have omitted 
the name from the UsUk It evidently came from the White River 
seriesj and the form appears to have been rare, 

pEHISSOEtACTVL UNGULATES, 

1 , HyroiiBdon. 

In cotilrasE with the smalltr enlelodotits^ the hynicodons present 
an Orderly contettiporary series of progressive mutations^ in the di¬ 
rection of complete molarificatioti of the pattern in the upper pre- 
molars, something already achieved in milk dentition. 

Material is not yet av-aiLlable for determining to which one of the 
four species I have recognised, if species they are, these milk denE- 
tions pertained. So far as the adult dcutiiion is concerned, the 
changes in premolar pattern disaissed and fully illustrated el&e- 


120 


SINCLAIR—THE FAUNAS OF THE 


where are consistently alike on opposite sides of the pakte in all the 
speamens which I have examined, not varying irregularly as is 
sometimes observable in other of the rhinoceroses; and, while the 
structural changes to which specific names have been applied are 
small, they are nevertheless in sharp contrast with each other, 
whereas the size clifFereoces within each specific group intergrade 1^* 
small incrementSH except in the case ot Hyra^odon htdyanus^ here 
due id all probahilit3^ to a lack of specimens. This intergradation in 
Bt^e, without change in stmetnre. has led me to discard Mr. Troxell's 
Hyraccdofi st^knidcfis as a separate species, placing it as the mini- 
imim size v^aHant in the Idyfiicodon dreidens scries. Our 192^ col- 
lection has 3'ielded, from the lower concTetiotiary zone in the Oreo- 
don beds in Quinn Draw, Washingtort County, a specimen. No. 
15765, agreeing closdy in size with Mr. Ttoxell’s H. selemdeas 
(lengths, upper premolar series Co mm„ upper mular'premolar scries 
lit, lower molar-preinolar scries 108.5). dimensions which fit in 
nicely in the table of size vEmadotis referred to.*’ 

3 . Ctmopus, 

I refer our two rhinoceros skulls from the lower concretionary 
zone to Canopns Leidy because they' agree in premolar 

pattern with the skuU figured by liim on PI. Xil., Ancient Fauna, 
and referred to this species, w*hich was originally established upon 
several small fragments of molar teeth. We must not overlook Dr. 
Lcidy’s privilege of redefining his species in terms of other and bet¬ 
ter Specimens, and this hautotype skull can hardly be characterized 
as “ not adequate nor dependable ” as Mr. TroxeU *’ expresses it in 
his endeavor to substitute Ctrno/’Hj capei for Leidy*s classic species. 
If Cirnopiis copei ts “ bandy distinguishable from C. ocddentalis 
except ill size as Mr. Troxell states, our commonly accepted rules 
of priority do not permit the aubstitution of the former name for the 
latter because based on a better specimen. With all due deference 
to Mr. Troxell's opinion to the contrary, I find Leidy*s figure both 
adequate and dependable for the identification of nur newly acquired 

“ Sinclair, " Hyrawdon, Sc,,'* be. cit. p, 68 l 

-Trftxdl, E, L, “CsetMipus, The Ancestral Rhinoceros," Am. Jour. Sel, 
July, ipst, p. 44 . 
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iMterial of which the best preserved skull, N"o. 12634, differs from 
the figure ju^ referred to in liaving a prominent cylindrical style 
replacing the cingulittn at the entrance to the transverse vaflcy m tn^ 
whereas in Leidy’s plate there is a heavy cingiiliim shown at this 
point. 

3, 

Jaw fragments determined as Cohdan dakofetisis from both the 
nodular zones are practically identical with specimens already in the 
Princeton collection, discussed some years ago by Mr. Hatcher.^* 
lie was in error, however, in his definition of the genus in ascribing 
to it but rw'D lower incisors. The sipedmen on w hich his definition 



Fig. y. CcMifn Leidy, No. 1370a PalmUil view, th™ 

fourths the naEurat sixe. 


is based, and which he figures with but two incisors, sltows part of 
the aJveolus for the third incisor and this tooth is present in the 
lower jaw ot a specinieo of the smaller species, C. pfcidcftlfl/trj in the 
collection of the American Museum. No figures of the upper denti¬ 
tion of C. Occident alis have besen puhltshed other than the drawing 
of C. procuspidatus O, and W,“ which Hatcher referred to occidan- 


**Am. lour. Set., 185^ p- ifiS- , . i. t 

'’Osbom and Wertmm, - Pwjwdactyls □! ihc Miocene \Vhrte 

River Deils," But}. Amer. Hits.. Vol. VIL, ifeSt p. jSs, Fig. «. 
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talis. An intom plete palate. No. 12700 Princeton University Geo- 
loiftcai Museium, from the lower concretionary zone of Quinn Draw 
basin. Fig. 7, is of a size to fit lower dentitions referred by Hatcher 
to Colodoti accidmtitiis anti probably belongs to that form. It is of 
interest in showing for the first time the width of the palate, the 
length of the diastema, and all the teeth, mi excepted, on either one 
side or the other. The incisors are horse-like in the presence of a 
shallow central cup, too shallow to form a ''mark” as the tooth 
wears. The irregular palatal margin on a line with p4-mi is due to 
fracture, and does not mark the position of the posterior nares. 

Mcasubzuemts. 

Ii-iri3, length + *. 

Diastema, length . _ ... 

Prcniotar series^ length 
Mplar scriMt length ^, 

4 . Mf^sohipftus, 

Mesofdppus bairdii is certainly the commonest and. to judge 
from our collecttotis of the past three j'ears, the only species of horse 
in the lowermost 100 feet of Orcodon beds in the South Dakota 
Badlands. I am wholly unable to determine at what level the transi¬ 
tion from Mesokippits to MioMppus uccnrg. All the specimens col¬ 
lected by us in the upper concretionarj' zone, while ctjmparativeJy 
few in number, are indistinguishable from typical Jl/, bairdH. 

.Although all our Itorscs from tiie concretionary zones are ref¬ 
erable to bairdii. it by no means follows that all accord strictly in 
dental pattern with die type of that species, as the series of unworn, 
or but little worn, third molars, illustrated in Fig, 8, will show. 
Tliese specimens wliich differ strikingly in the shape of the hypo- 
style, development of rudiments of the cristn, forking of the tip of 
the mataloph, etc., arc all from the lower concretionary zone, and 
come as close as possible to being a contemporary assemblage. I 
have confined myself to the third molar, not because ft possesses 
any inherent virtue, btit because, being the latest erupted, it is un¬ 
worn in many specimens and shows details soon obliterated by use. 
The hypostyle in the molars of Mesoitippus is a recently acquired 
character, appearing first in certain Titanotlierium beds species, and, 


133 mm. 

20.5 

41 -3 

4O 
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in bairdiL it still seems to be seeking for expression, not having 
settled down to a fixed policy, as shown in Fig, 8, where some, not 
necessarily all, of the different forms assumed by this cusp, in com¬ 
bination with other Eeatures, are LTlnstrated. 



Ftc, a, BmWif Lddy. Series oi tjpper m3 to show variatiaos 

of hjTwsiylc, etc. One ami one half times the natnral aiie. Speciinejii in the 
Musetini of Printelon Un^trsity. 

In No. 1:2586, left in3. Fig. B, Lbe hypestyle h cupped by the de- 
vdopment of a pll-hy^tyk enclosing an dongated depreadon. 
There is a rudimentary crista and the tip ol the metaloph is forked 
to fonn a small pU prefossette and pli postfossettt'C^ hot tlie cup o£ 
tlie hypostyle may be nearly circular^ and the tip of the metaToph 
iin forked, as in our No. 1^57^. 

In Ko. 12501, left m3. Fig. 8, the hypostyle is a sliarp spuf-Iike 
prolongcttion of the cuigulum, extending forward with no trace of 
cupping. The tip of the metaloph is imforked and separate from the 
ectoloph and there is the rudiment of a crista hut the same type of 
hypostyde mav be associated with slight forking of the end of the 
metaloph (left m3 m No, 12505)- or hypostyle may develop a 
smaller spur than in No. 1250S, Fig. B, the other struchires remain^ 

Ing unchained (right m3 No. iZa^S)- 

In No. 1350S. Fig- 8, where the right m3 is drawn reversed, the 

hypostyle has a prominent outwardly directed spur, and the metaloph 
is confluent jwith ectoloph by a narrow bridge. In this tooth the 
points of the pam and mctaconids have been damaged by fracture. 

In No. 12541, left mj. Fig. 8, and other teeth of similar pattern, 
the hjTOStj-lc is a triangular area with irregular rugosities, wearing to 
a truncated cone, scuiMstimes joined by a narrow isthmus to the rest 
of U,e posterior cingulum. iTie metaloph is sometimes fused with 

ihfi cctolopht sometimes tK)t. 
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11 thedc are to be regarded as individual ^’a^iadQns, as seems 
probable in view of the close agreement of aU the specimens in 
size and structure with M. bairdU and their close contemporaneity, 
all being from the lower concretionary zone, it would seem probable 
that J/. trirjonostyluf Osborn, wliicli is based on a specimen with 
bypostylc rompa^le to No. 1^508, Fig. 8, wiU have to be regarded 
as conspecitic with ffinVdii. The t>’pe of this species is '* from the 
Mertamynodon sandstones in the middle Oreodon beds."“ As 
shovra in Mr. Wanless' paper, tlie Metain>-nodon channels all lie 
below the upper concretionary zone. A second fonn, Mesohippus 
obliqii^dsns Osborn, the type of which is “ from the nodular layer 
in lower middle la>T:r of the Oreodon lieds; specimen co%'ered by 
ferruginoiia oxide." has long since been regarded by Dr. Matthew 
as conspecific with fia-Vtfii, so that the latter, as alrrady intimated, 
seems to stand alone as the only equine species in the lower Oreodon 
beds so far as the South Dakota area is cooce:med, 

AiTlODACTVl. UNCUtATES. 

r. ArchiEQfhcrium. 

ll^\y rains during the winter and Spring of 1521-22 washed 
out from the loo^e surface day the missing tip oi tlie Jeft check 
flange pertaining to the rather remarkable entciodont skull No. 
12624, collected by Mr. PL R. Wanless during the previous summer 
from the ckiys of the lower concretionary zone at Culbertson's lo¬ 
cality on Rear Creek, northeast of Scenic in Pennington County. 
This specimen I have already described and figured, referring it 
to ArJu^clhcnitm morlonL^* A corrected figure, showing the 
complete cheek flange, ia presented hcrewitli, Fig, g. If taken by 
Itself, this specimen would constitute a perfectly good species dif¬ 
fering from the majority of the specimens of .if. Hwrtoiii in skidl 
length, size of the cheek flange, molar pattern, and prenvolar spacing. 
Only by a wealth of contemporary material has it been possible to 
work out the anastomosis of characters descrif^d in tlic paper just 
referred to, which has led me to visualize zl. nwrloni as made up of 

*■ “ IconogT^phtc RcvjsSoiC^ p, ,*1^^ 

'^Ibid., pL 

" Free. Amer. Fha. Sot., Vot LXL, p. S3 et *=q. 
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a number of interbreeding strains wbicb differ from each other by 
^•arious small unit characters, singly or Tii combination. It is en¬ 
tirely possible tbal the same cunception should be applied to certain 
of the larger spwcies of the genus, thus far described from the Oreo- 
don beds, and that the matter may be further couiplicated by sexual 
dimorphism affecting the shape of such excrescences as the cheek 
flanges and chin processes, hut adequate data in the shape of a large 
suite of contemporary specimens of tlve larger forms are not yet 


available for discussion. 



Thus far .drfiitrof/icriimj is the only entelodont genus found m 
the Titanotherium and Oreoctou beds, but probably oecurs also in the 
Proloccras-Leptauchcnia beds, as indicated by a fine skull Erom this 
level in the collectioo of the Field Museum, no descriptiun of which 
has yet been published. A. tnorioni is certainly common to the Ti- 
tanotherium and Oreodon beds, as also seems to be mie of the large 
form for which I have proposed the name *d. rcotfr/* and which I 
think is represented by a somewhat crushed skull and jaws. No. 5^2. 
in the American Museum, collected hy their 18S2 Expedition from 
the upper Oreodon beds. Aa revised to date, the list of entelodont 
spedes from the Oreodon beds reads as follows: 

- Prtpt. Am. Phil Soc., VoL LX., Na. 4, * 921 , P- « sw}. 
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1. From the Lower Concretionary Zone; 
morlofii Lefdy and its variants, 

■A, crossum ? Marsh. 

■A, teantcssi Sinclair. 

3 . Probably from the Lower Concrerionaiy Zone, and certainly from 
the lower Oreodon beds: 

A, ingens IvCidy (identified an the basis of the chin processes). 

3. Upper Oreodon beds, and presumably lower Oreodon beds abn. 

as the type is from the upper Titanothtrium beds; 

^ 4 . scotti Sinejair. 

4. From the Upper CcmciettoniLn^ Zone: 

ffiortoni. 

2 . Perchamts^ 

Fragments of a lower jaw. No. layge. from the upper concre¬ 
tionary zone on Cottonwood Creek in Washington County, agree 
M closely in size and structure with the tjiie of Marsh’s Perdues 
IThtnohyiss) that I liave no hesitancy in so determinrag 

them. It 15 a small peccary, smaller than Leidy's P. prabus. 

A few teeth from the upper Oreodon beds in the vicinity of 
Ce^ Pass, near Interior in Jackson County, are probably referable 
to P. prabi^^ with which the>- agree fairly well in siKC. The Prince^ 
ton collection does not contain sufiicient peccary material from defi¬ 
nitely knovro horizons in the Oreodon beds to work out the range in 
time of the above species. Tlieir presence or absence in the nodular 
zones IS probably controlled largely by the chances attending the col¬ 
lection of rare material, but may reflect differences in local habitat. 

3 - Agrivchitnis^ 

No new data are available regarding the stratigraphic range of 
the two known species of Agriochirnts tram the Oreodon beds. 
Abundant teeth and other fragmentary materials occur in the lower 
updular zone, but complete skulls are rare, only one being secured 
mth the smaller type of distended auditory bulla characteristic of 
A. anltqniis. Both A. antiquas and A. laiifrons are represented in 
the older Prmcetou collections from the Oreodon beds, but precise 
stratigraphic data regarding their position in the field are lacking, 

four. Scl.. VoL XLVin., Sept., iScm, P- m. Fig. sS. 
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4 . Of^odon and Eporeodon, 

The lower days ot the Oreodon beds, and especially the lower 
zone of rusty nodules, i# the level par excellence of Oreodon tvlbert- 
sani culbcTisotii Leidy, and might well be designated the Oreodon 
culbi-ftsoni culbertstjni zone were it not for the fact that the species 
is not strictly confined to this le^d, ranging downward into the upper 
Titanotherium beds, as shown by a single spedmen with the rtiggcd 
tj-pe of bulla chaiacteristic of 0 , euibertsoni eulbertfoni. No, 12764 
Princeton University Gtailogical Museum, found in place about 18 
inches below the contact of the Titanothcriuin and Oreodon beds, 
distinctly below the level of the white limestone lens marking the con¬ 
tact in Corral Draw. How far upward it extends into levels above 
the lower concrelionary zone must remain doubtful, for while no 
specimens of it were found by the Princeton expeditions of 
in the upper nodular zone of tlie Oreodon beds or higher, there is a 
specimen oE O, aUberisoni ctdbertsoni in our museum. No. lioSo, 
labeled in Hatcher's handwriting as from the upper Oreodnn beds, 
Corral Draw, and in a matrix which agrees in character with the 
upper Orison clay^. 

Not all Ihc specimens of tliis species in which the basicranuil 
region has been prepared sn detail agree with the figure gi^co bj Os 
born and Woilman" in possessing separate foramma rotunda. 
These are completely lacking on both sides in the above-mentio^ 
specimen from the Titanotherium beds, and in another skull, 4 o. 
12703, from the Oreodon beds, the foramen rotimdum is absent on 
one side and present on the other. There are also variations in ^e 
shape and d^ee oE inflation of the bulhe in mdividtials which 
otherwise agree well with 0. culberisoni cuiberts^m m the characters 
oted by Osborn and Wortman- 

There is, liowever, never the slightest danger of conf using Oreo¬ 
don oilbcrtsoni eulbertsoni with Eporeadon builaltis if the auditory 
region has been preserved. Quite unexpected data regarding 
stratigraphic range of the latter are afforded by our collectmns of the 
past three years. From the presence of eporcodons (£. tPw;or) with 
greaUy distended bull* in the Protoceraa beds, and of forms with 
small rugged bull* in the Oreodon beds, with a single example of 

” flidf. 4-fwrr. Jfw, VaL VI, l8^. 
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“ the tnmsttional form O. buJIaltu^' from beds of iWrmediale posi¬ 
tion, Osbom and Wortman were led to suggest^ that the range in 
time corresponds with the evoludan of the biiUie* This, however, is 
tiot the case, for typical Ji/’oriodpn didtalus, agreeing absolutefy with 
Fig* 5C of Osbom and Wortman's paper, occurs in both noduliferous 
horizons of the Oteodon Ijeds and probably in tlie Protoeeras-Up- 
teiuchenia beds as we]l. The type of Oreodon CEfiorcodfln) bu/lulits 
is from the '1 itanotheriiim beds/'^ and the species is tentatively identi¬ 
fied by piorpe^* from the; John Day, certainly tlie greatest vertica] 
range of any White River form, luddentally, the finding of Efiore- 
ado7i btdlatiis on the same level with Oreadcftt rufficrtSMii cii/*crfjwn 
has an important beaHngoti the status of Merjroi^odmt as Professor 
Scott has brought to ray attention. This name wa^ proposed by 
^idy in 184S for an animaJ represented by the Fragment of an upper 
jaw contaming the last two molars, and a second fragment of the 
lower jaw with the last three molars. Later, other fragments were 
referred by the same author to OreaJoa and Coty^M Better 
material subsetinendy obtained enabled Dr. Leidy to decide that all 
three belonged to a single genus for which he expressed the desire 
to retain the name On’odon. 3 preference which modem priority 
punsts would have done well to respect, since E/’oreodon twffohis 
and Oreodon ruFlfcristtni culh^r/soni are quite inseparable on the 
b^sis of maxillaiy- and jaw fragments lacking the premobrs and, 
witli both occurring in the same beds. Leicjy's type of Affryniridodon 

might have pertained to either. The name should be permanently 

discarded. 

The smaller form, OreiJdon cuflufrtjroni perun^orum, while far 
less abundant than O, cidhcrfjonf c«/&tTrroj|f, h found in both nodu- 
liferous zonts of the Orcodon beds, as is also Orcod dji ^cociffj. 

5i Leptomcryx. 

Ut'tatfia-yx is represented in both concretionary zones. A lower 
Jaw fragment showing the characteristic stniclure of the heel of the 
last lower molar found in Hyl^crtrugul,,, was ahtamed from one of 

■*Xj3C. Clt, p. Srlf/. 

Extinct MainmaliHii Fauna," pp. 
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tlic Metamynodpn channels. Its ncin-occtirrence among our collec¬ 
tions f rom the concretionary has probably no other signifiLcance 
tiian failure to find a specimen of a not too abiindant forni. 

6 , Parbrotherium. 

The synonymy of the White River camels is badly involved, due 
to the fact that the first described species from the South Dakota 
Big Badlands, Piirfrrpl/icritt.iH wUsoni Leldy, is based on a juvenile 
spBcirricn retaining the milk prcinobrs and lacking the front of the 
^nll and the anterior teeth, on which specific disrifictions within the 



Fjg_ Id, P4Fhroikfrium Troitell^ No, Side view of the 

and jawn. ime h4i,lf aaitiral bih. Arch, Fter>ffoid reinoii and parts of 
brain case restored. Drawn from a photo^niph and the spedmen. 


genus ate now based. A second species., P^rbrathcrimn Idbiatum 
Cope, from the Cedar Creek beds (Oreodon zone), Coloradd+ has the 
type skuU mutilated in the samfr waj% So far as the size o£ the type 
specimen of tufljoitt is concerned, it might either be a young F. iabi- 
ahon or P. andersoni, if the latter b distinct from lablatHm. Juve¬ 
nile individuals of P. fjrijiitMWi are nmch smaller dian the type sp^i- 
men of uHtsoni, while the adults, which have been confused with 
uilsoni in the older literaturfi, may Ije rcadity separated from the 
specimen here figured by differences in the shape and spacing of the 
anterior teeth/® 

“Sm ButL Anu^r. Jlfd/, Vol X.. ifeA p- Fig. 7, iww rtltrred lo 
P. fJtimium Hay. 

9 
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I am referring provisionaDy to P, undersoai Tronell, the sp«d- 
inen shown in Fig, lo. No. 12722 Princeton University Geological 
Mnseum, from the lower concretionary zone in the west part of 
Indian Creek basin, near the pass into Little Corral Draw, Washing¬ 
ton Countj', South Dakota. It is a fully adult, uncnislied sknll, a 
little larger than the type of andersotti with which it agrees closely 
in structure, having 13 large and catiiniform and ei small. No trace 
of an internal basal pillar, howe%'er, appears between the inner lobes 
of m3. The preorbital vacuity, not indicated in Mr. Troxdl’s figure 
of P. andersoai** but present in hia type siwcimen, has about the 
same extent as \o, 12722 here figured, making allowance for the 
slightly smaller size of the former specimen and its deformation by 
crushing. Wliethdr our No. 12722 could be separated specffically 
fmm ■ti.ilsont. if mutilated to the same extent as the ty'pe of that 
species, is doubtful. It does not differ markedly in size from the 
type of P, labialutn, but has p2 closer to the posterior end of the 
^-mphy'sis (*.e., a shorter gap between pT and ps). Just how much 
dependence .should be placed on this pobt b doubtful in view of the 
variation observable in another of our specimens of similar size. No. 
12725, also from the lower concretionary zone as exposed in Little 
Corral Draw- northwest of Cottonwood Pass, In the latter the gap 
between p? and pi measures 5.5 nim. in contrast with 9 mm. in No. 
12722. Chesc specirnens further differ in having the lower canine 
quite small in cro.ss-section in the former and considerablv larger in 
the latter, as indicated in the Sgure. perhaps a sexual difference. I 
am inclined to suspect, on the basis of comparable size in skeleton, 
tliat the specimen described and figured some years ago by Professor 
Scott as P, labiatunv*'^ (No, Princettm University Geological 

Atuscum) might, with equal propriety, he referred to P, andersom. 
An exauunatiou of Cope s type specimen of laiiatum sliows that 
the lower margin of the jaw is incorrectly drawn in his illustration.'*'' 


Troxell, £, U, « An Oliaocenc Camel, P<tebrinkeriitm imderfuni, n, sp/ 
Vgl, XLlll, May. 1917, iip. 381-389, Fig, [. 

Scott, w. B., On ihe Oslealogy Ot Pofbrothrrium. A Contritwllaa tn 
the Phylogaiy of the Jtmr. of Morfibolos/y. Vcl, V.. itoi g. i rt 

^eq. * * 


•Cope-Matthew, “Hitherto Unpub)bli«| Plata of Tertiary Maunnala 
and Pertiiijm VcrtctrateC Pi. CXV., Fig. i. 
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It should be 3S indicated in Fig. lo 3iid as in Leidy^s figure of his typs 
specimen of F, 1 do not find any stTikitig differences m the 

shape of the otic bidke between Copers spcctmeii of and our 

F- lliey are a lilde rounder in the Former than in the 

latteCp but contemporary specimens of comparable size from the 
Jower nodular zone vary in the degree oi bulla infiation. Cope's 
figure shows set well in front of the ascending ramuSp whereas 
in No. 12722 this tooth encroaches more closely on the raniaJ margin. 

Maxinmm iktJl lenglhp prefuaxilla: to sttpraoodpiul, inc- .201.5 mm. 


Length pa-mj .... 


mm. P4 anteroposterior diameter 

|j 

Length pa-nij 

S 9-5 

Nil auteroposterior diameter 

10 

Laiuth entire 


M:? antefopostcfior diaiiieteT 

14 

xntmor den¬ 


Mj aiitjcropostcripr diaiuetcr 

n 

tition ___ 

1 10-5 

pr anfcerapdsierior diameter 


P[ auterDpo^cnor diameter 

S 

FT ajitemptralfirior diameter 

86 

F2 anta-Opostenor dimneter 

9 

P3 antempoaterior diameter 

9.5 

Pj ante rTppos tenor diameter 

9 ^ 

P4 anteroposterior diameter 

9 


F. cjrfninini occurs in the lower Oreodqn beds, as shown hy a 
juvenile spectmen. No- iioii Frinccion University Geological Mn- 
seiinij collected in 1894 by Mr. H, F. \\ ells in Corral Draw, pre¬ 
sumably From tile lower concretionary zone. It is not Identifiable 
among the specimens secured by us during the past three years* and 
haSr accord!nglyp been omitted from the list. 

BiaDs" Eogs. 

i\ remarkahly large number of fossil eggs has been obtained by 
IIS during the last three summers, tWQ fronn the lower concretionary? 
zone and two from clays 10 feet below^ the upper concretioiiaTy' zone, 
hnt a few' feet apart^ and nn tlie same level in Quinn Draw basin+ 
One uf the latter. No. 12609, I'hite 1 ., Fig. t, is uncnishcd and en¬ 
tire, and agrees^ within a few hundredths of an inch, with the dimen¬ 
sions of the egg of the Florida duck, Jnas^ fuhigulti, given by Far¬ 
rington **' (2.16 inclies X inches* or 55 ^ 3^-5 mni. as against 

2,05 inches s U52 inches in the modem form)* The shell has lost 

“ Farrlngti;®, 0 . (L, " A Fossil Egg from SuaLb Dakota,^ Field CDlumbian 
Museym Puhlicattioti No. ^Si- Senes, Vd. I,* No. S, pp- 193-^200, 1899. 
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its carbonate content, is black, nigose, and much pitted. The outer 
table of the shcU is considerably eroded, perhaps by sand blast or 
solution, and at a few points where it is completely flaked off, reveals 
a deposit of chalcedony below. This egg is quite heavy, suggesting 
the presence of barite in the unexposed center. The other specimen 
from the same locality and level. No. 12613, also has 3 black, much 
pitted, shell, seemingly impregnated by chalcedony and encloses a 
mass of chalcedonised p$>eudoitiiOrphs ammged fn radiating plates. 
It also is quite heavy, Both.i^gs from the lower concretionary sane 
have the shells badly crushed and erodeci, and are loo distorted to 
subject to nieasurenicnts. 

.An extremely fine fossil egg, No. 1:2616 Princeton University 
. Geological Museum, presented by Mr. J. G. Bump of Scenic, still 
retains some of the carbonate content of its shell, and although dis¬ 
torted by pressure is not siiffideotly fractured to show the interior 
fillStig. Its dimensions (57'S turn, x 45 mm. x 40 mm,) and general 
appearance recall the second of two eggs figured hy Mr. Troxell." 
The shell is rugose but the pittings are less conspicuous than in No. 
12609. It U shown on the left in Plate I„ Fig. 1, and is, supposedly, 
from the White River series, but the locality and horiaou are un¬ 
known, as it was acquired by iMr, Bump from an Indian, who was 
said to liave found it somevi'hcre in the vicinity of mite River. 


R-EfTlLES. 

I. Pclfojaurtts^ 

slinjll atict jaw3 of a lizard from the lower concre- 
tionary zone m Corral Draw' have been idefitificd by Mr. C. W. Gil¬ 
more as Pcltsiourus ffi^nulojnii Cope. 


2, Stylemys. 

The contrasting mimbers of these animals listed from the two 
concretionary zones is in keeping with the limited thickness and pov- 
e y O aswble exijosures of the upper zone, wrhich too often out- 
crop^s on diff faces. 'Fhey must hav^ «curred by the titonsand, for 

s. jfri, v.i 
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hundreds oi their mrapaces, in all stages of demolttion, were seen 
along the many miles of exposure of Llie lower concretioruuy ione 
collected over by us. early attracted attention, and are referri^ 

to in disparaging terms in T, A. Culbertsoo^s quaint diary under 
date nf May 14, 1850. as ^'ugly. dark red, imshapen masses^hese 
my guide told me were petrified turtles^ their shells being destroyed 
by tlie action of the sun, and they are cmmbling to pieces. The 
ground in many places is thickly covered Tvith small Inunps^ the 
hroken remains of turtles which a few years ago were perfect- 
They are supposedly land forms and their mode of occurrerice in the 
concretionary zone, discussed in my paper on the lurtle-Oreodon 
Layer,” is quite in keeping with the theory of origin of the latter 
there enunciated, 

Dei^abtmext of 

PtUNCETQN UXtVt»5tT¥> 

PjUMCmDN^ N. J. 

* Fifth Ann. Rqit Smithsontaa Imtitulioo, \SSU p* 03- 


THE SONIC DEPTH FINDER. 


Ev HARVEY C HAYES, Ph.D. 

April 

PaE\-IOU$ PArEHS, 

Thb paper is the third of a series dealing with devdopments that 
have resulted from research work in the field of shbrnarine aronstics 
carried out by the Lh S. Nayip' during the past five years. The first 
paper, endded DEtecdon of Submarines,*^ ^ described a sijperior 
type of submarine sound detector called the MV Hydrophone which 
had proved effective during the war and predicted that this device 
would eventually prove to be a distinct aid and safeguard to naviga¬ 
tion- The second paper, entitled ^'Tlie U, S* Navy MV Type of 
Hydrophone as an Aid and Safegitard to Navigation^”* described 
die s^totis w^ays in which the MV Hydrophone could serve tlie nav¬ 
igator, as determined on various ships of the Navy^ and gave the 
results of some practical tests. 

Present Paper. 

The present paper may be regarded as an extension of the second, 
inasmuch as it has to do with developments that are of prime im¬ 
portance to the navigator and which were predicted in that paper. 
It is also closely related to the first paper since it deals with an in¬ 
stallation of submarine sound apparatu.s for ships that includes the 
MV Hydrophone, In order to avoid repetition the author will, 
therefore, only describe very briefly those parts of the sonic depth- 
finding apparatus that have been fLilly described in the two previous 
papers. 

General Description. 

The sonic depth-finding apparatus comprises ihree distinct units^ 
vi2.: a submarine sound transmitter^ a submarine sound recesver 

^ Proccfdinffj ikf Arntricnti Pkiloiophical Soticif f Vo]. XIX., No. I, 
igafl. 

■ of ike ^'JtnfnVaii Philtfsopkiital iJoflVtj?, Vol, LIX., No, 
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and tht sfr-called ** Sonic I>epth Finder/' which is a connecting link 
between the transmitter and receiver and which serves to acoinittdy 
measure the tinte inter^nJ between the sending of a sttbniarine sound 
signal and the return ol its echo irom the sea-botlom or any other 
snbmaiine sonnd-reflcctin^ ^rface. This time interval^ together 
with the ve1tX3ty of sound in sea waiter, senses to determine the dis¬ 
tance to the reflecting surface. And if the sound rKreiver is a t>'pe 
that can determine the direction of the echo, as is the MV Hydro- 
phonep then Lhe reflecting surface can be definitely located and its 
slope determined because the direction of the echo is perpendicular 
to the reflecting surface. Such an installation of sound apparatus 
can, therefore, furnish complete data for making a survey of the sea 
bottom. The three units comprising the installation will be described 
in turn. 

The Submarine Sound IVansmiticr^ 

The submarine sound transmitter consists essentially of a rigid 
steel diaphragm about eighteen inches in diameter one side of which 
is in contact with the water and to the other side of which is attached 
electrical means for exerting alternate thniEsts and pulls of suffidtnt 
inagnitude to cause the diaphragm to >ihrate against the highly in¬ 
compressible water and of suflicient rapidity^ to give an audible 
sound- The driving force is usually produced by powerful electro¬ 
magnets through the coils of wliicb is passed an alternating current. 
The force so exerted on the diaphragm may reach several ions. Such 
a tnmsmitter, which is commonly called a submarine sound oscillator, 
can be used for sending code signals if it is provided with a suitable 
transmitting key for making and tweaking the A.C circuiL 

The pitch of the sound generated is dependent on and numerically 
equal tp the frequency of the A.C. current. The coefflcienl of re¬ 
flection of the sea Imttorn is dcruhtless a function of the pitch of the 
sound but very little is known of this function. As a result the 
pitch of 1 1 DO which ia used has been chosen from considerations 
other than the coefficient of reflection- ThLs comparalivdy high 
pitch is employed for two rcascns. First, it permits the use of a 
high-pass filter that greatly weakens the low-pitched local noises 
but alloTvs the signals to pass. Secondly, hlgb-pitched transmitters 
are better adapted for sending short signals in rapid succession. It 
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may be stated that signals having any pitch bttwani 550 and Itoo 
have been found to reflect well ironi the sea-bottom. 

The Siihmarine Sound Rcccii/cr. 

The submarine sound receiver may be a very siinple and iiiex- 
pensive device provided it is not required to determine tltc direction 
o! the sound. It will he shown later that good sounding data can be 
taken with such a receiver, but lor securing data of tbe higbest ac¬ 
curacy^ it becomes necessary' to dcicrmine the direction □! die echo. 
The MV I-Iydrophone, developed by the Lb S. Navy during the war 
has proved to be superior to other ty'pes of direction finding sound 
receivers for use on ships for the reason that it is simple and rugged, 
pemiits of easy and rapid manipulation, responds with almost eciiial 
sensitivity' to sound ^vaves having a wide range of frequency, and 
through the use of several receptors intensifies the response to sound 
waves from any one direction while at the same time the response to 
sound from all other directions is weakened. As a result much of 
the interference from the numerous local noises such as are caused 
by propellers, auxiliary machinery and slapping of weaves is elimi¬ 
nated, thus enabling the operalor to hear comparatively weak signals 
and echoes which othenvise would not be audible. 

The MV Hydrophone employs a double telephone head set, one 
receiver of which connects wdth one half of the submarine sound 
receptors and the other of which connects with the other half of these 
receptors. Direction of sound is determined through the opemion 
of the binaural sense and b accomplished by so varying the time of 
energy transit from each submarine sound receptor to its respective 
telephone receiver that the responses from all of these receptors 
reach the two phones at the same time and in phase. Under such 
conditions the sound will appear to the listener to be bLnaurally 
centered, i.e., it wiU give him the impression that the source is lo¬ 
cated neither toward his right nor bis left. The time of electrical 
transit of the several receptor circuits is varied by means of an elec¬ 
trical compensator " through w^hich aD the receptor circuits pass 
before reaching the telephones, and the amount of retardation that 
must be introduced into these ciraiits lo bring their currents into 
consonance at the phones determines the direction of the sound. 
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The electrical compensator is so ingeniously designed that dtc ir^nia.- 
tiona of current in the several receptor circuits, caused by the 
action of sound waves actuating the riecEptOTs Irqm any definite 
direction, can be brought intq coosonance at the telephones by turn¬ 
ing a single hand-wheeL This hand-wheel operates a rotary scale 
that is calibrated to give the direction of the sound with respect to 
a straight line passing through the sound receptors. 

Two lines of sound receptors are employed, one for receiving 
sounds off the pert and one for the recqjtjon o! sounds off die star¬ 
board side of the ship. They occupy SATncnetrical positions on opixj- 
site sides of the buih are placed as far forward and as far below the 
water-line as conditions w^Sll permit, and are directed parallel with 
the ship’s keel. Only half of the sound receptors are used at any one 
tinre and the compedsatar is provided with a multipole switch 
whereby all the receptors on either side of the ship or the forward or 
rear half of the receptors on both sides of the ship can be connected 
through the compensator. When either of llie first two combinations 
is used the compensator gives the direction of Live sound with respect 
to the ship^s keel and when either of the last two comhinatidus is 
employed the direction of the sound 3 S given with respect to a line 
running athwart ship and perpendicular to the keeU 

T/i^ Depth 

The Sonic Depth Finder is an automatic key used to make and 
break the A.C. circuit of the transmitter,^ It is designed to close thn 
circuit for an instant at the end of equal time intervals and contains 
means for continuously vutyung this iuter^'at through all v’alues in¬ 
cluded between abotit ten seconds and one tenth o£ a second. It 
consists of a phonograph-!ike disk rotated at constant speed hy means 
of a tuning-fork-speed-regulated motor. A small wheel ha^-ing its 
axis parallel writli a radius of the disk is driven by friction contact 
with the surface of the disk and carries means for moving it radially 
in and nut along its axis. The axis of this wheel carries two cams, 
one having a single saw-toolh-shaped depression and the other car¬ 
ries ten such depressions uniformly spaced about its drcturtfcrcnce. 
Each cam operates a pair of conlact points, and by means of a two- 
way switch either pair can be connected in series with the coil ot a 
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relay. The relay operates a pair of heayj' contacts connected in 
series with the transtnitter circuit. 

In practice the disk b driven at the uniform rate of one revolu' 
don in ten seconds and the mdo of the diameler of the disk to the 
friction wheel 15 ten. Such an arrangement permits tlte speed of 
tlie friction wheel to be varied from one revolution in about ten 
seconds to one Tevoludon per second, and by making use of the two 
cam wheels the time interval between oscillator signals can be given 
s^y value between ten seconds and one tenth of a second. It is ob- 
vnous that this period can at all times he ajrnputed from the radius of 
the circle that the friction wheel scribes on the disk. This radius 
can be determined to within a x^ry small fraction of an Inch by 
means of a micrometer arrangement used for sliding the friction 
w^heel along its axis. 

In order that the operator may nse the same pair of bend phones 
for determining the direction of sounds picked up by the MV Hydro¬ 
phone and also for making depth determ i nations, the telephone ter¬ 
minals of the compensator are connected by cable to the Sonic Depth 
Finder where^ by means of a. two-way multipole svritch, hotl\ phuncs 
can be connected to the compensator or one phone can be connected 
to the compensator and the other to the secondary coil of a vario- 
coupler the primary of which is energized by an inductive take-off 
from the A.C. circuit of the sound transmitter. These two positions 
of the selector swHtch nmy be called the (A) and (^) position re¬ 
spectively, TTie (-1^) position connects the two phones directly to 
the compen,sator. The appamtiLs b then adjusted for determining 
the direction of any sound picked up by the sound receptors and 
among others the echoes of the oscillator signals. The {B) position 
connects one phone inductively to the transmitter circuit and the 
other to the compensator. Under such conditiom} the operator hears 
each oscillator signal in the inducttvcJy connected plioiie at the 
instant tt is transmitted and he hears the echo of eetch signal in the 
other phone w'hich connects with the iMV Hydrophone receptors- 
The vario-coupter serves to bring the signals in the two phones to 
approximately the same intensity. 
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Principle of OfehatjoK- 

Ntimerous devices have been developed to measure the time inter¬ 
val between a submarine signal and the return of its echo but none 
have proved to be practical. This failure has been largely due to 
the fact that they allempc to measure the time intenial in question 
directly. The success of the Sonic Ek^th Finder lies in the fact that 
it does not attempt to measure this rime intenal directly but 
measures the time intcrTi-al between .signals and adjusts this interval 
so that it is a simple known function of the interval between signal 
and echo. This is accomplished as follows: 

Let (^) represent the time interval rK|uired for the sound to 
travel from the transmitter to the reflecting surface and back again 
to the hydrophone receivers and let ip) represent the period between 
successive * signals. If the operator adjusts the value of (p) to 
equality with (f)+ then at the instant he hears a signal transmitted 
through the inductively connected phone he will also hear the echo 
o£ the previous signal in the other phone. This adjustment can be 
made by rnpviiig the friction wheel to a profjer position along the 
radius of the constant speed disk. Suppose now' he increases the 
frequency of the signals untH ip) is equal to one half of (t). Then 
he will still hear the signals and echoes simultaneously in tlie two 
phones but each signal vrill now arrive coincident with the echo of 
the second previous signal. Finally, if the period hetvreen signals is 
made equal to one (jVth) of ( 0 . the operator will still hear the sig¬ 
nals and echoes coincident in the two phones but each signal is then 
transmitted sinuiltaneou&iy with the arrival of the echo of the (iVtli) 
previous signal. 

It wilb therefore, l>e seen that tire operator will hear the signals 
and echocii simultaneously in the two phones whenever be adjusts 
the position of the friction wheel so that (/). the rime interval bi!- 
tween a signal and the return of its echo, is equal to some whole 
number (A ) dmes {p), the period herween signals. Conver.sely, if 
the operator w^ishes lo take a depth sounding and adjusts the Sonic 
Depth Finfler so that he hears the echoes and signals simultaneously 
in the two phones, he knows that 

t = N% 


140 TTAYES-TKE SQXIC DEPTH FINDEIL 

where ) is the [^rriod between {N) is ^ whole number and 

(?) is the interv-al of sound transrL The value of (p) can be de¬ 
termined from the micTometer scale of the mechanssm used to move 
the friction wheel and it only becomes necessary to detcmnne (jV) 
to completely detErmine (?), 

The factor {N), which is always a wliolc number, can be deter¬ 
mined in various ways. If we remember that (N) represents the 
number of signals that intervene between the one beard m the in¬ 
ductively connected phone and the one whose echo is beard at tlie 
same instant in the other phone, it becomes clear that (iV) may be 
defined as the munber of signals in transit between the tratismitter 
and the hydrophone at any PmCi Therefore, (iV) can be determined 
by counting the number of echoes heard after the transmitter is 
stopped or by counting the number of signals heard before an echo 
is heard ■fcvben the transmitter is started. The value of (iV) can 
always be definitely made unity by starting with a very large value 
of (p) and ihen reducing the value until coincidence between sig¬ 
nals and echoes is reached. A third method of determining (A^J 
ivill be descrihed later. 

The operation of the Sonic Depth Finder depends upon bringing 
to coincidence the arrival of two shuilar sounds in two telephone 
receivers, one on eacli ear of the operator respectively. Little or 
no training is required to judge such a condiiiou of simultaneity bn 
within a very small fraction nf a s«ond and as a result this method 
of determining the time interval between a signal and its echo gives 
surprisingly accurate results. 

DE\Ti.ot*MitST or THE SooNDiKC RgVAtton. 

Let ( 5 ) equal the distance a sound signal travels in passing from 
the transmitter to the receiver by way of reflection from some sub¬ 
marine surface and let (^) equal the time of transit in seconds. -Also 
let (F^) equal the velocity of sound in sea water. 

(i) Then 5 = V i 

{2) and S -= where (//) is the per|jendicular distance to 
the reflecting: surface, 

(3) WTierefore H = 

We liave seen’that 

(4) 
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wbtre (A^) and (/») rqarescnt respecHvdy the number ot signals m 
transit and bmc intcrv^al between signals when the apparatus is so 
adjusted that the signals in one phone are stmultaneons with the 
echoes in the other* Substituting this value for (I) in eqtiaijon (3) 
gives: 

(5) H^}^FNp. 

W'hiJe this fomnila is exact, it is not w'orkahle until the factors {N) 
and (;>) are determined in terms of the dimensions of the Sonic 
Depth Finder and its scale reading. Let the railius of tlie circle 
which the friction wheel scribes on the constant speed disk be (Y?) 
and the radius of the fricticin wheel itself be (r). Let (F) be the 
time required for the disk to make one revolution and let (C) repre- 
sent the number of teeth on the cam used lo operate the contact 
points. 

Order Number ^553+ 

Since there is no slip between the disk and friction wheel, it fol¬ 
lows that: 

2tR 2Trr 

(6) T‘T' 

(;r) ■\\Tierefort 



when a. single-toothed cam is used and in genefal becomes 


CR 


when the cam-wheel carries (C) teeth equally spaced about its cic- 
cumferetice. 

Substituring this value fot (p) in equation (5) giTCs; 


( 8 ) 


// 


V’N-Fr 

2 C-R 


Suppose now that the Some Depth Finder has been adjusted 
carefully for coincidence between signals and echoes^ Call this 
scale reading (ffi). Then increase the frequency of the signals 
until signals and echoes are again coiticldent and call the scale read- 
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ing Npw since the value pf (H) is the same in both cases it 

follows that: 

. . V-N-F-r _ V^(N + i)-P-r 

^ 2C-R^ 2CRr 

(lo) wherefore 


N = 



Substituting this value for (.N) in equation (8) we iiave tor the 
general sounding equation i 


(o) 


if 




where (//) is the perpendicular distaucc to the reflecting surfacep 
is the velocity of sound in sea water, (jP) is the constant period 
of revolution of the diskp (r) is the radius of the friction wheoh (C) 
is The number of teeth on the canip and is the distance the 

friction wheel must he moved outward in passing from one condi¬ 
tion of coincidence betw een signals and echoes to the next in order. 

It is to be noted that holds for all values of {R} and 

therefore for the condition (R^) equals zera. Hence (R^-R^) b the 
radius of the circle scribed on the disk when the apparatus is ad- 
justed for coincidence of signals smd echoes and {^) is ecjual to 
unity. 

The Sonic Depth Finder developed and used by the U. S. Navy 
has the foliowltig values for the constants of the sounding equation 
(u): 


F = lo seconds, 
r = Ip 
C = I or lo. 


The average value of 4,800 feet per second or 800 fathoms per 
second is taken for (F)^ the velocity of sound in sea water. Hoth 
(^a) and (J?i) are measured in terms of (r) as a unit. Thi.^ b 
accomplished by making the pitch of the micrometer thread equal 
to {r) and this permits of making (r) equal to unity' in the sound¬ 
ing equation. Inserting these %'alues in equation {11) gives for the 
practical sounding equation: 






HAYES—THE SONIC DEPTH FlNDEiL 


143 


n fleet) = 


24,000 

C{R. - Rt) ' 


where (C) may be (r) or (10)+ ticpcnding upoa which cam is em¬ 
ployed in operating the tian^iniittcr. 




Accuracy* 

The a^ccujuiiy witli which the range (/^) to a submarine reflect¬ 
ing surface can he determined by the Sonic Depth Finder depends 
finally upon the accuracj^ of each of the several factors on the right- 
hand side of the sontiding equation t 

VF-r 

H -- -> 

5-C (Jis -Jii) 

The factor (F), wlilch represents the velocity of sotiod in sea 
water, varies with the temperature^ alintty and pressure. The tem¬ 
perature coefficient at a depth of about lEo feet is approximately 2.8 
feet per degree centigrade and it is prohalile that the ^'a^^atL□u in 
this factor caused by pressure or salinity may he regarded as a second 
order effect and neglected. No reliable data is extant relative to the 
effect of pressure and salinity oti the velocity (F), but from theoret¬ 
ical considerations we are assured that both effects ate smalls 

The temperature gradient of sea water along a vertical direction 
has been shown to be much the same over most of tlie ocean areas 
below depths of a few hundred fathoms and it is a favorable cir¬ 
cumstance that the change in velocity of sound caused hy intreasing 
pressure, as greater depths are approached, is nearly compensated 
for by the change produced hy the decrease in temperature. As a 
result, there is reason to believe that the factor (f^) does not vary 
more than a f met ion of a per cent. ovr!t most ocean areas for de|jths 
below from 300 to 500 fatitoms and it has been found that 4^800 
feet per second is a good average value for the factor ( F) for use 
in taking deep-sea soundings. For depths within from 300 to 5^^ 
fathoms a tcm[>eranire correction may be made to this v^ne if 
Ollier factors warrant such accuracy. 
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The factor (F), tile period of revolution of the disk, is readily 
maintained constant and acoimtc to ivithin a tentli of a per cent and 
the radios (r) of the frEctioo-wheel can he made with almost any re- 
qoired degree of accuracy'- No error h introduced by the factor (C) 
as its value is definitely one or ten, depending upon which cam is 
used. The accuracy of or (J?-) depends upon the accuracy 

with which the operator can judge of the Bimnltaneity of two sig¬ 
nals. The (R) factors can be determined to within about two thou¬ 
sandths of an inch,, and since their mimmiim T-Talue is about a half 
inch the error in this factor cannot amount to more than one or two 
tenths of a per cmt. 

In practice it has been found that with the sounding ship at rest 
over a comparatively level sea bottom repeated settings of the Sonic 
EJepth Finder agreed with one another to within from one to two 
fathoms. The value of so deterniined+ may be in error Beveral 

fathoms due to uncertainty in the value of but difft^rences In 

{H) are given with but small error, .\nd it is such information that 
is of importance in making 3 survey oE the sea floors. 

Depth SoujiuiNc, 

Thus far we have only spoken of the method and apparatus for 
determining (^)t the distance from the ship to the submarine re¬ 
flecting surface along a perpetitlicijJar to that surface passing through 
the sliip^ The depth (X?) is the distance from the surface to tlie sea 
bottom along a line perpendicular to the surface of the water. It is 
obvious that {D) and (//) are equal only when the sea floor is hor¬ 
izontal. If the angle of dip (S)^ which the sound path {H) makes 
with the surface, is known, then: 

D = H sine I, 

where (£J) is the depth along a vertical line passing through the 
point of reflectiou and not the depth underneath the ship* which may 
be calJcd This depth cannot be definitely determined with the 

Sonic Depth Finder, However^ if it is assutned tEuit the slaiie of the 
sea bottom is uniform over an area indtiding n point directly be¬ 
neath the ship and the point of reRection, then* 


^ H/gine L 
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These statements will he more readily understood hy considering 
Fig* wherein the lines {S- 5 ) and (i?-i?) represent the surface 
and sea floor respectively and points (I). (2), (3) and (4) repre¬ 
sent the position of tlie ship, the point o£ reflection^ the point verti¬ 
cally above tlie point o! reflection and the point vertically beneath 
the ship respectively. The distances {X?), (H) and (-^0 
been defined and the angles (®) and (fi) are the dip of the line 
(H) below the surface (^ 5 ) and the slope of the sea floor re- 
spect]vd\\ It U to be noted that (/?) can be determined from (8) 
through the relation 

As stated, (H) is not the depth. The depth (Z?) over point (.2) 
can be defiriiitely delemimcd if the angle (8) is known, since 

D = H sine 

and if the slope between points (2) and (4) is constant, then (I>^) 
can be determined through tbc relation 

= if/sine 8. 

The probable truth pf the assumption that remains constant 
over an area including points (2) and (4) is dependent on the dis¬ 
tance belw^een these two points. This distance h proportional to (ii) 
and to (cos 8)* It is hdievcd that no great area of the sea floor 
has a slope as great as 30 degftea and, therefore^ the minimum 
value of (B) will not be less than 60 degrees. There is also reason 
for beliesmg tliat tio great area of the oceans lias a depth greater than 
6,000 fathoms or stx miles. Therefore, the greatest probable distance 
betw^een points (2) and (4) will approximate three miles and in 
general be very much less than this figure. Of all the submarine 
surveys tliat have thus far been made with the Sonic Deplh Finder, 
no slope greater than 13 degrees has been found, and under such 
conciiiions the distance between points (2) and (4) where ihe depth 
is 6^000 fathoms would be about a mile and a half. At 3,000 fathoms* 
which is beyond the average ocean depth* this distance reduces to 
about three fourths of a mile. It is believed that the sea bottom is 

ICi 
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niiicl) more i*cgfiilir thsn lire ttic sircSdE level for re^i^cjii 

that it has been shielded from erosion. The slopes Imve resulted 
alone from warping of the earth’s cnjst and as a result abrupt 
changes in the value of (jff) should not tn general be expected. It 
would therefore appear that llie assumption in question may be cx^ 
pected to approach the truth even under the most unfavorable condi^ 
tipns and it seems certain that considerable reliance can be placed on 
the formula 

D' = ff/sine I 

over depths and slopes such as to mahe the distance between points 
(2) and (4) within a mile. It mttstj however, be remernbered that 
the accuracy of this formula depends upon an assumption that may 
possibly be far from the truth. 

But why worry about tJie depth of water directly under¬ 

neath the sliip, when the depth ( 17 ) at some point (3) at least within 
three miles of the ship can be aocumtely determined and especially 
when it is remembered that in general this point will he much less 
distant than 3 miles ? For snrveyini; purposes, at least, such a point 
on die chart furnishes as valuable information as would one at the 
exact location of the ship when the sounding was taken. In this 
connection, it is of interest to sec what it may mean If we forget 
about (8) and assume that {//) represents the depth. It can be 
shown that for all values of (^) less than 30 degrees, (//) Is prac¬ 
tically equal to one half the sum of and {D}, Therefore (H) 
may he regarded as the depth at a point half way between (i) and 
{3) and we begin to question whether it is worth while to determine 
the dip (S) and make the resulting torreclions which give the true 
depth (/ 7 ), 

This question can be definitely answered. Somewhere over the 
comparatively small area that includes points (2) and (4) the true 
depth is represented by (H) and the chances are that this point is 
about midway between points (2) and (4) or half way between 
points (i) and (3). The factor (H) will therefore represent the 
true depth at all times at a point within a mile and a half of the ship 
and usually at a point much nearer. The answer, therefore, is as 
follows: Unless a ship hag some means of locating its position to 
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within a mile and a half nothing is to be gained by charting the oor- 
tect sounding (£)) in place of its approximate value (i 7 ). And 
since navigation by means of solar checks cannot give the ship's lo¬ 
cation to within tliis distance it follows that over most of the ocean 
areas the depth can be represented on the chart as well by {H) as 
by {D) or 

The next question that arises is; Why should an expensive re¬ 
ceiver like the MV Hydrophone be used as a part of the depth-sound¬ 
ing installation when its ahihty to detetmioe the direction of the 
echqca cannot be utilized because of uncertainty in the location of 
the ship. It has already been explained that the focussing ability 
of the MY Hydrophone enables it to detect faint signals that other¬ 
wise would he drowned out by the uuinerous comparatively intense 
local sounds. This fact, together w'ith its ability to safeguard the 
ship in the various ways described in the second paper of this series, 
is sufficient argument for its use, even though it increases the cost 
of the installatbn. But for submarine surveying, and also for pur¬ 
poses of navigation, the direction of the echo is I'alnable for the 
reason that although a ship does not know its position on the chart 
to within about two miles, it does know the progress made along its 
course from hour to hour with sufficient precision to warrant all 
possible accuracy in the sounding data used for preparing or iden¬ 
tifying a profile of the sea bottom along the route covered. By tak¬ 
ing into comnderation the slope of the sea bottom stieh profiles can 
be prepared with considerable accuracy and for scientific purposes 
the profile itself is more valuable than is its exact location on the 
chart. Moreover, such profiles are most valuable wlien they define 
a section perpendicular to the sea bottom and a dctemiination of 
the direction of tlic eclioes enables the navigator to direct his course 
SO as to give such profiles. 

It has been shown that the depth {D) can be accurately deter¬ 
mined if the angle ( 5 ) is known and it has been stated tliat tlie MV 
Hydrophone delermines the direction of the echo with respect to the 
ship's keel and with respect to a direction across ship and perpen¬ 
dicular to tile keel. So far as the angle which gives tlie direc¬ 
tion with respect to the keel, is concerned the echo may proceed along 
any element of a conical surface having the submarnie sound re- 
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ceptors at the apex and making an angle ((!>) with the keel Similarly, 
the angle (i») which the echo makes with a direction athwart ship 
only limits its direction to an element of the surface of a cone mak¬ 
ing an angle (fl) with a direction athwart ship and having its apex 
at the sound receptors. The intcrsectioa uf these two conical sur¬ 
faces having the same vertex does, however, definitely determine the 
direction of the echo. Neither (^) nor (S), In general, are equal 
to (i), the angle of dip, but they are definitely and simply related to 
this angle as can be understood by considering Fig. 2, wherein ( 0 ) 
represents the position of the ship on the surface defined hy tlic 
intersecting lines (X~X) and (F-F). The ship’s keel is'com- 
cident with (X—A), and (F—F) represents the dfrectioti athwart 
ship. The sound reflects from (X) and proceeds to the ship along 
path {//), The MV Hydrophone determines the angles and 
{^), whereas the angles fd) and (S), the ELzfmutli and dip bearings, 
are desired. The relation between these twii sets of angles obviously 
is: 

C I ) cos <^ = cos S cos a, 

(2) cos 6 = CQS S sine o, 
frhereforep 

(3) cos i fcOS- + CDS* 

(4) tan a = c!ds cos 

The Sonic Depth Finder deremmes (//) and the MV Hydro¬ 
phone furnishes data lor determinbg: {a) aiid (B), The actual 
depth at ( 5 ) is given by the equation 

D = H sine S, 

and the vertical through point (S) Intercepts the surface at a point 
out from the ship a distance (R) where 

It = I! cos 3 . 

and the line (O-R) makes an an^le (a) with the ship's keel. 

In making profile surveys it is desirable that (a) should he zero. 
The navigator can readily accomplish this by making his course such 
that (ff) is equal to (^/s). It is to be noticed that (^) then is equal 
to (S)^ the angle of dip. and the computations are very much simpli¬ 
fied- 
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CosirAfiisoK or SoTrspiNG Data. 

The only condition under which sounding data, taken by the 
deep-sea sounding machine and the Sonic Depth Finder can be com¬ 
pared is over regions where the angle ( 8 ) is equal to (V^)! in 
other words where the sea bottom is horizontal. Referring again 
to Fig. 1 , {D*) may perhaps be supposed to repnaiCiit tile depth as 
determined by the sounding machine (though it is quite possible 
tliat the lead may strike bottom at a point some considerable dis¬ 
tance from tliat vertically beneath the ship), and for practical pur¬ 
poses we Itave seen that the depth may he taken as (W), which we 
should expect to be less than (D^). The difference between sound¬ 
ings taken hv the two methods may be represented by the difference 
between (D‘) and (//) and this \-alue divided by (ff) gives the 
variation in per cent, between the two methods, or 

_ T. . . — H I — sine 8 

Present Variation = -=— - r— ' 

7 / sine i 

The following table ghes this percentage variation for various 
values of (S) and also the actual variation for a depth of l.QOO 
fathoms. 
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Remembering that tlic slope of the sea bottom, is the com¬ 
plement of ( 6 ), it win be seen tliat the percentage variation between 
the soundiug data given by tlie sounding machine and the Sonic 
Depth Finder averages about .15 of “t cent, per degree of slope 
and that the actual difference in the data amounts to about 1,5 
fathoms per degree of slope for every t,ooo fathoms depth. 
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pRACTicAt Results. 

The first pr^ctica] design of the Sonic Depth-finding appnrstus 
was installed on the U.S,S. Ohio and successfully tested in Februaty, 
ip22, during n cruise from ^ew York along a course ntnning 
southeast from the Ambrose Light Ship to the latitude of Cape 
Henry and thence west into Chesapeake Bay. The greatest depth 
encountered was about 1,700 fadioms. The following June this 
apparatus was transferred to the destroyer U.S.S, Stennri just previ- 
oos to her departure for Manihi by way of Gibraltar and the Suez 
Canal, Tliroughoul the run to Manila soundings were taken at least 
cvEiy twentji" minutes and at times as often as every minute. The 
greatest depth encountered was about 3,200 fathoms. This ship is 
still based on Manila and during the past two years has collected a 
large amount of sounding data. Her reports state that almost no 
troubles have been experienced in connection with the sound installa¬ 
tion. The Ytfit'm-t will probably return this year by way of the Pa¬ 
cific, thereby completing a line of soundings around the earth. 

Following the success of the Stewart, the destroyers Hid I and 
Carey were equipped with the depth-sounding apparatus and directly 
proceeded to make a survey of about square miles of the 

sea floor off the coast of California, This survey, which extended 
from the loo-fathom curve out to a depth of 2,000 fathoms was 
completed at the rate of about 1.000 square milts per day. These 
ships reported tliat the acoustical sounding apparatus gave no 
trouble and that it was rugged and able to withstand the adverse 
conditions often met with on sea-going vessels. 

Since that time several oilier sliips of the Jfavy have been 
equipped as has also the Coast and Geodetic Survey Ship Guide. 
These ships are taking soundings during every cruise with the re¬ 
sult that the Hydrographic Office is receiving an enormous amount 
of reliable deep-sea sounding data wliich has already served to clear 
up several doubtful regions on the navigational charts and which is 
rapidly leading to an accurate charting of the depth along the main 
traffic routes. These data have disclosed discrepancies of hundreds 
and even thousands of fathoms between the actual depth and the old 
charted values and the discovery of stthinarine mountain peaks or 
ridges rising several thousand feet above the sea floor is not un- 
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usual. These landmarks will doubtless prove to be valuable for 
determining the location and progress of merchant ships that are pro¬ 
vided with apparatus for taking deq^-sea soundings^ 

Tilt scientific \Tilue of the data tliat can now be collected with the 
sonic depth-finding apparatus can scarcely be overestimated. Such 
data wiE doubtless furnish valuable information conceroing the 
movements of the earth's crust for the reason that the contour of the 
sea. floor, which has been protected from the processes of erosion, 
is the direct result of such niovements and also for the reason ttiat 
the most unstable regions of the earth’s surface, wltexe the move¬ 
ments are so great and so violent as to affect areas far beyond their 
origin, form a part of the sea bottom. It may be e.^pectcd that a 
careful study of the form and movement of the sea floor brought 
about by the earth-warping forces will lead to a better understanding 
ot these fortes. 

Conclusion. 

Research work dealing with submarine acoustics which the tJ. 
S. Navy has carried out during the past five years has led to the de¬ 
velopment of methods and apparatus capable of aiding and safe¬ 
guarding navigatiou by enabling the navigator to locate sound 
beacons to a range of several miles and to readily determine the 
depth of water bencadi his ship at all times. By means of this same 
apparatus it is possible now for the first time in bisteny' to accurately 
surveys the ocean floor and a large amount of data pertaining to such 
a survey is being collected by the various ships of our Navy. While 
it is impossible at thi s time to estimate the importance o f such a work 
it soems certain that any uiidertakiug that adds to our meager 
knowledge of the great ocean areas must eventually prove to be a 
benefit to humanity. 

U. S. Naval Rps&awih Statids, 

BkU-evue, D. C 


SEX IN THE RIGHT AND LEFT SmES OF THE 
BIRD'S BODY. 


Bv OSCAR RIDDLE, 
iReijd April 26, 1924,} 

Much redeem work indicates that sex in higher anmuils, though 
normally cletern^ined on a very' definite and well-knoiiVTi genede plan, 
is a very^ plasdc, tnodifiahle and even a reversible cbaiucterH Other 
quite recent sttidie^ make it nearly certain that many oi the her¬ 
maphrodite " vertebrate animals described during the past few dec¬ 
ades were not founded upon a genedc basis—as lias been supposed by 
most biologists—but were really stage,s of sex-rtfversal which are 
to be described in pli> siolagical terms. Still other data on sexuality 
are coming to hand for which also it is fairly clear that physiology 
rather than genetics must supply the explanalioo. It is, apparently, 
a case of this kind with wtdeb diese remarks are coruzcmed. 

If other data did uol already indicale the plasticity of sex it 
would perliaps appear incredible that the two points at wfhich the 
germ glands arise and develop on the tight and left sides of the 
bird's body are points unequally favorable for the development of 
male and female sex glands. E%'en to some of those who regard 
the plastic nature of sex as fully demanstrated the suggestion liiat 
this positional relationship has a real sex significance may perhaps 
at first seem a rather astnunding suggestion. It is not assumed that 
all biologists are ready to agree to the reversible nature of ses; and 
we may also grant timt possibly the concepdon to which we now in¬ 
vite attention is wholly wrong. It is here our purpose^ however, to 
mention four kinds of facts which seem lo suggest the reality of the 
proposition stated above. Whether this conception is right or en¬ 
tirely wrong it will certainly require attention until several lines of 
fact now at hand are otherwise adequately explained. It may be 
said at once that we are not necessarily coucemed with the right and 
left side of the bird's body as a whole, as our title might suggest, 
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tut Tnerely with the points gn the Tight and left sides at which the 
germ glands arise and develop. 

The first kind of evidence to he presented is based on two senes 
of facts: (i) It has long been known that in female birds the right 
ovary, though it forms in the embryo, begins to atrophy shortly 
before hatchii^ and no right ovary is normally present in the adult 
bird This is apparently true of all species of birds* Lilienfeld, 
Nagel and Pick have ail made short comment on the bearing of 
this different expression of femaleness on the right and left sides 
of the bird's body* *\pan from any theory it b a fact that ovarian 
tissue develops to a far greater extent on the left side in all birds. 
This fact standing alone would appear to have a sexual signific^ce; 
when considered in connection with the facts next to be mentioned 
concerning testis slxe on tlie two sides of the body such a significance 
becomes wholly probable. I'J) The other half of this situation has 
been leamed chiefly in our own studies. In two earlier reports we 
have shown in part, and can now establish the fact satisfactorily on 
a number of species of pigeons, tliat in most cases (enough to estab¬ 
lish a definite rule) the right testis of pigeons is larger than the left. 

In connection with the above observation we are learning tl^t 
disease, confinement of the animals, and hybridit)' are all agenoes 
which markedly affect the better development of the testis on the 
right side. Thev all lessen the proportion of pairs of lesies in which 
the right is the larger (Table L). Incidentally it may be noted that 
it is now becoming clear tliat each of these three factors h^ a defi¬ 
nite effect either upon sex expression (including change in gonad 
size) or upon the sex ratio; we also think there is good evidence 
that they may and sometimes do profoundly modify sex itself. 
WTien tliese modifying factors are applied to data eirher obtained by 
others (for relatively few species in other orders of birds), and 
after personally securing some fragmentary new dam for some of 
these forms, we obtain at least some evidence for a wider application 
of this observation Lo other birds than pigeons. 

The insufficient data as published, however, are in opposition to 
the situation found in pigeons. Etzold. Cadow and others report 
larger left testes in birds in general- It now seems probable that 
failure to consider effects of confinement, disease and hybridity. 
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together with unsuitable material obtained at times other than the 
height of the bird's breeding season^ are responsible for previous 
failure to find in at least some other birds a condition similar to that 
lound by us in the pigeons. In individtiala of several wild bird 
species lahen at one or another stage of gonad regression we too 
have found that the right testis is quite generally smaller than the 
left; but il is possible that tins may often indicate merely that the 
right has suffered a more pronounced reduction than has the left. 
The right testis of pigeons also suffers greater reduction than the 


TABLE L 

Data SadwiNc Phetaix-vce gw LAaco Rj(jfrr Testzs in Vahious G^i/ps 
OP- PtcEONs. Also Effects of Anc CCdNflNtMFNT) antj Disease, 
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IJ.O : I 

6.4 : I 

SB- 0 

Com. pigEona 

Adulc healthy. 

AdnIC dlBelLfled .... ^. 
Adj&lcic, hcmltby. * *. ^. 
Adoltfc. cHEeascd . + , ^ . 
Embryofi alive! . . .. _ ^: 
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cflfFtMty 

ScVcJmi wild 
EpeCEES 

Adoit healUiy . 
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Embr^'oE dead r ^ - . . * . 

S.a : I 
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4-631 
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IcEt w'hen put under conditions adverse to testis growth (confine¬ 
ment of wild species j disease)^ Data on this point will be found 
under " wild species of pigeons "* in Table L For most bird species 
other than pigeons the relative size of the two testes at the height 
of their development is now unknown and the point requires a more 
thorough and circunispect investigation in birds in geutral than has 
yet been made. It has earlier been shown by us that in pigeons the 
shape of the left testis is more nearly dial of the (elongate) ovary. 
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VVc have now obscr^'ed that tbb more elongate shape is also found 
in the left testis of many other wild birds (starling^* English sparrow, 
etc.), although in these species the left testis is larger during at 
least most periods of the year. 

It can be said therefore that the left side of the body is more 
favorable for ovarian development in all birds; that the right side is 
tTiore favorable for the growth of testicular liisuc in at least eleven 
species of pigeons belonging to two different families of this order* 
and that it is also found to a now unknown extent in other 
orders of birds; that conditions adverse to testis growth usuahyv in 
pigeons certainly, produce either greater reduction or more frequent 
reduction in the right testis; and finally, that the shape or form of 
the left testis more nearly resembles the ovary than does the right 
testis. 

A second line of evidence is supplied by data which we have ob¬ 
tained on ihe occasional persistence of the right ovary in pigeons. 
Throughout several years ol study it has been observed that this 
persistence is definitely more marked and more frequent in embryos 
hatched froin ova in which the metabolk rate had been measurably 
reduced. These are the same conditions which w'e have found to in¬ 
crease the proportion of female offspring- In a considerable number 
of these cases the right ovary continues to undergo a slow* develop¬ 
ment Instead o f degenerating and disappearing; while in a fevr such 
cases the rigliE ovary has not only persisted hut has fiiUy functioned 
and liberated mature ova. 

This second line of evidence also lias a second side to it* In our 
earlier work it was found that wdien hy'brids arc formed from species 
more and more distantly related (even species from different zoology 
T r.n1 f[iiTiilies are partially fertile in a first cross of pigeons) the re¬ 
sulting hybrids show higher proportions of males corres-ponding to 
the greater width of the crasa- At the present time we are able to 
show* that parallel with this change in the sex ratio there is also a 
change in the proportion of right gonads which are larger than their 
associated lefts. In other words, from male individuals produced in 
those crosses in which we are presumably changing most female- 
producing eggs into male embry'os wc obtain the highest proportion 
of males whose glands resemble female gonads in their size relations 
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—namely in haii-ing larger (eft gonads, ThU is what would be ex¬ 
pected if there is an iuida] elentcnt of " femininitj-" in tiiales de¬ 
veloped from fcrnale-producitjg eggs* 


TABLE ir. 

SunMASY ON Size RziATiojiSMip or Right and Lett Testes as AirEozn 
fl’T Hyeeuutt (Healthy Auults). 


Khiti ol l 3 ird. 
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Table IL ^ho^vs the frequeiicy df this re\Trsal oT the normal 
size relations of the right and left testis in six groups of healthv adult 
bybrinls. Tliesc hybrids are listed in order of the width of cross 
involved—the widest or most distinct cross being placed at the bot¬ 
tom of the table. It will he observed that there is a steady reduction 

of the proportion of testia pairs in w'hich the left testis is smaller-_ 

from 9.5 : i witli least crossit^ to 04 : i in the widest (family) 
cross. These data would seem to show concIus)\i;Iy that tlte dissim- 
ividtii of the cross^ is very definitely related to the observed 
change in the nomud si^e relations of the right and left testis in the 
offspring. This fact can now be joined to the fnrtlicr and earlier 
demonstration (the studies of several observers of other bird 
hybrids, and the studies of W hitman and the writer on pigeon 
hybrids spccific.Tlly) that the sex ratio of hybrid birds is modified in 
parallel with tliis chaise in size rdationsiiip of the two testes. If 
the last-named fact and the data of Table II. constituted the sole 
evidence on the present subject they would seem sufficient to raise 
a presumption that the points at which the two testes develop are not 
equally favorable for the development of testicular tissue. 
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A thiril line of evidence can now be obtained fram data {^thcred 
during the last three decades on hermaphrodite birds. We have 
examined all of the rerordcd cases of hermaphroditism sn birds and 
find in every described case in which gonadal tissue was present on 
both the right and left sides of the body that the male or testicular 
tissue was found on the right side of the body and Dvarian tissue 
unlvi or ovarian tissue in connectitin with testicular tissue^ vizs pres¬ 
ent on the left side of the body. In all of these sixteen ^ carefnUy 
examined cases it is erident that some influence so acted as to pro¬ 
duce male tissue on the right side of the body and ovarian tisstte on 
the left. In three of these cases (those of W ehcr^ Lorenz and Foil) 
It is (juite prohable that one or another Eorm of genetic explanation 
is the true one^ since in each case maJe snrnatic characters w^erc also 
found on die right side, and female somatic diameters were present 
on the left side of the body." On llie other hand most, possibly all, 
of the remaining thirteen cases probably receive their explanation on 
physiological grounds. It seems inadititssible thai in all of sixteen 
consecndvulv observed cases the blastoitiere corresponding to the 
right side of tlie emhiyo should liave received a male-detemiining 
and the left a female-detcnnining dement from the first cell division* 
or that a similar Eenctic fonndatton should have been so disoiniinat- 
ingly supplied from any other source. Still more to the point is the 
fact that in the two most adequately observed of these cases (those 
of Crew and of Riddle) this posribtliiy has now been practically 


excluded. 

The two last-named cases throw imich light on the real nature 
of the hermaphroditisiTi most frequently encQuotered in btreb. Crew 
was able to show that in one of the fowls which he esammed the 
body liad passed thnjugli an initial female stage into a stage at which 
a testis devcloiJKl on the right side and in which testicular tisstte was 
able gradually to replace the ovarian tissue of the left side as this 
was gradually destroyed by a tuherculcms oi^ian tumor. Before 

’Such WKi from Brarult, Weber, Loreat, ShallocV anJ ScliB^nn, Poll. 
Pearl and Barine and Peart (3): and Perard and 

Caradroit, Maeklir, Crew and FcU (3) Riddle^ included. 

»Th£ gonadii af even lh«e Msea offer sonw difficiiU.es fur pi»re y g^etu: 
explmiatinn. The "rrimordia! germ eelh" (b« Sater) crct^fote before lodg- 
ment in ttghi or Ivft socad. 
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iU (Je4ilh Crew was able to show that this bird, earber a mother of 
^ckens, was producing sperm. Later, whSe used as a male parent. 
It also became the father of chickens. At autopsy ovarian tissue was 
essendally absent and the bird had typical testes on both the right and 
left sides of the body, A complete sex-reversal in the adult could 
here be demonstrated. Five years earlier the writer liad observed, 
and has since reported, a case in a blond ring dove in which the gonad 
history- quite duplicated the conditions found bv Crew in tlie fowl^ 
though in our case the transformed bird was'not tested as a male 
parent. Tlie data obtained on both these birds make it pracdcalty 
certain that there was a relatively long period in each bird's life when 
It possessed a testis on the right ride and an ovary or an ovotestis 
on the left side. These are precisely the conditions in which the re¬ 
maining eleven hermaplirodite birds were found. 'These observations 
therefore make it probable that many recorded bird hermapbrodites 
arose from the ctrcumstance that testicular tissue arises more readily 
on the right side of the body than on the left. 

The one-sided nature of the distribution of testis and ovarian 
tissue in bird hermaphtodites naturally raises the question whether 
a similar condition is found among the hermaphrodites of other 
classes of vertebrates. Tius topic is reservnid for extended treat¬ 
ment elsewhere in connection with our data on unusual gonad con¬ 
ditions resulting from hybridity, but it may be noted here that in the 
lowest mammals fmonotremes) the left o\'ary is known to be larger 
than the right. In a greater p>ropoition of the accredited cases 
(7 : i) of htunan hermaphrodites most testicular tissue was found 
on the right and most ovarian tissue on the left sides of the body. 
Apparently a somewhat similar condition and proportion (6 13) 
has been recorded in swine, though more meagre data indicate tlie 
opposite condition in some other mammals (deer, cat). Aral states, 
on the basis of adequate data for normal (not hermaphrodite) indt- 
vidiials in the rat, that as a rule the left ovary is larger. .Among 
hermaphrodite amphibia of the genus Rana more testis was found 
in the right and more ovary in the left gonad in 14 ; 5 cases; in 
genera other than Rsna a similar difference (414) has not been 
found. .Among Elasniobranchs some groups have only the right 
ovary fnnctional and In others only the left ovary is fimcttoaa]. 
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These ^■ariations witliin each of ihe vertebrate classes WDtild seem to 
t-all for Special anatoiiiic-phi'siologic s tudies ; studies on diffe rences 
in blood supply of the two Eouads in genera differing in the above 
respect, and a much more definite knowledge of the relative size of 
the two testes in these groups, being particularly desirable. 

A fourth line of evidence on tlie present topic is found in the 
fallowing single observation puhtished now four months ago- Ben¬ 
oit removed the single left ovary from two young chicks when four 
days and twenty-six days old. Several months later these birds were 
killed and each was found to have developed testicular tissue on the 
right side of the body. In these cases there can be no presumption 
of a cvTolngical foundation for the development of testicular tissue. 
In physiological terms, however, it can be said that the removal of 
the restraining influence of the growing left ovaty permitted the 
growth of lesticntar tissue at the point — on the right side where 
testis develops best and where ovarian tissue is most retarded (the 
common fowl is a form in which there is evidence that the fully de¬ 
veloped right testis is larger than the left). 

Tlic four very different kinds of evidence thus briefly mentioned, 
together with still other considerations not pracdtable to include here, 
all become harmonized in their suggestion that the easier and more 
frequent appearance (and sometimes or often a greater amount) of 
testicular tissue on tlie right side of the bird s body is a matter which 
rests upon a physiological rather than, a genetical basis , that testis 
develops better tlian ovary on the right side; and that ovanan devel¬ 
opment is more favored than testicular development on the left side 
of the bird’s body. It is tliought that no known fact is opposed to 

any' part of tliis suggestion. _ - i ■ 

Sometliiug may be said concerning a possible explajiation ot this 
positional differential. Though a definite explanation cari not now 
he given, this disaission requires the mention of three points which 
to us seem a probable basis of the observed difference. First. Firket 
and Swift have shown that in the early embryo of the bird more 
“ primordial germ cells ” constantly collect at the future site of the 
left gonad. These cells constitute the "Keimbahn” m birds and 
play a leading part in the entire history of the gonad* at an early 
stage these cells enter the embryonic blood vessels and for some 
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iinkiio^v-n T€a.son tvi'o to fivt! times as many of them find lodgment at 
the seat of the left gonad as at the right. The conditions which 
determine this nnequal distribution of prirnordial germ cells Ls prob¬ 
ably the 6rst condition causally related to the asyntitietrical gonad 
growth which lias been discussed In this paper. After an unequal 
accnmulation of these cells hai occurred on the two sides of the em¬ 
bryo it may be presumed that this itiequality then itself enters into 
the establishmeni of further conditions unequally favorable to gonad 
growth on the right and left sides. 

A icTOud point which may find application here lias already been 
suggested by HenoiL Eenort believes that the results of his ctistra- 
tion experiments cited above really indicate a more ready formation 
of testis tissue on the right side than on the left, and in explanation 
he cites Firket's conclusion tlmt only the first proliferation of sex 
cords occurs in the right ovaty of die fowl. Since only the one set 
of cords form in the male gonad (testis) while two form in tlie 
ftmctional female gonad (left ovary), it is suggested that this cif- 
curtistance makes easier the origin of testicular tissue from the 
right than from the left ovary. We agree with Benoit that a fact 
of real importance is probably involved in the difference just de¬ 
scribed. I'lie facts as found by Firket for Ehe fowl cannot, however^ 
apply fully to our numerous cases of pigeons with iititnerous odeytes 
in their ( persistent) right ovaries' for, in these ovaries a second pro¬ 
liferation of sex cords has obviously occurred bin such right ovaries 
nev^crlliclcss remain always much smaller atid much less active than 
tlicir associated left ovaries. We should prefer to regard ati o^^ry 
in which only one instead of two proliferations of sex cords has 
occurred as simply less completely differentiated ovarian tissue. On 
the one handp its lesser difTerentiaLion is in some way associated with 
its position; on the other, it is associated with greater ease of trans¬ 
formation into differentiated tissue of another kind, naimely testis. 

A third consideration touches the possible existence and effects 
of a dissimilar or unequal blood supply to the two gonad areas of 
the embryo and to the gonads themselves in later stages. It is well 
knowm that in many vertebrates the ^vascularization of the two adult 
gonads is not identicaJ. As already indicated abave, the analysis of 
thi.s situation rec|Uires additional facts. That the nature and amount 
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of the blood supply to the differentiating gonad tnay be of importance 
to the type of resulting gonad is indicated by sev^l facts, but we 
here dtc only one. Meyns observed within testis tissue of a jounger 
frog transplanted upon an older member of the ante species that 
a few ova developed within tlte transplanted testis. T^e common 
experience with tissue transi^ants warrants the deduction that the 
testis cells which later developed into ova had meanwhile been forced 
to undergo a period of rigorously diminished blood supply- Such 
a reduction of the blood supply is a drcumstance which should tend 
to bring about a lower metabolic rate within many of the cdls of 
the transplant; and a lower metabolic rate b the precise condition 
which has earlier been found by the writer to cliaractcrize both the 
female organism and the female sexual cells, 
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THE SCIENTIST AND AN INTERNATIONAL 
LANGUAGE. 


By ROLAND G. KENT, 

^ 4 , IP24J) 

From thii time of the [jhibs^JpheTs Descartes and Leibnitz, men of 
various lands have sought to contrive a language for mternatioml 
or universal use; they have put forward more or leas i^rfected 
skctL-hea of such media of communication, to the number of over one 
hundred, but nothing that has received general acceptance. Yet the 
problem that they have been attacking is a very^ real one, which can¬ 
not he ignored by the scholiir nor hy the statesman or the nierchant. 

VVliat I wish to sslj lor-davt however* concerns but unc aspect of 
this problem: namely, in h-ow far the scientist, and I mean by this 
the scholar in natural or physical sciencesi esi>eciaHy, has need of an 
inleniational language, what services he lias a right to expect from 
it, wliat of language is best fitted for the task, and to wliaL ex¬ 
tent it can satisfy his just expectationji. 

It is to within a comparatively recent time that the scholarly and 
scientific wurkl still had an iritemationai langitage. There was a 
language used in commnn hy many sehotars nf diflferent C4>untries 
and fif different tongues; for example, by the Pole Cojjemicus { I473- 
* 543 J* 1 \v the Swiss Batthin (1560-1624}, by tlve Italian Galileo 
(15^14-11:342}, hy the German Kepler (1571-1630), hy the English¬ 
man Huhhes (1580-1679), hy the Frenchman Descartes (1596- 
1650}, hy the Englishman Milton (1600^1674), hy the Irishman 
Robert Boyk (1627-1691), by the Englishmen Locke (1632-1704) 
and Newton (1642-1727), by the German Leibnrti (l646^l7;6jp by 
the Swede Linnieus (1707-177S) by the Italian Galvani (1737“ 
179®) I If the;y cUcl not write their important works in Latin, but in 
tlie Ictcal vemncularj they would imn>edialdy thereafter translate 
them into I^iin, to make them available to the schobrs of other 
countries. These are moreover men from eight countries, represent- 
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ing six dilTerenl: ton^eSi. and the writings for whose sake I mention 
them lierei are works tn philosophy, politics and eeonomks, mathe¬ 
matics, astrnnnmy, botany, zoology^p physiology: the great scholars 
and the great scientific works o£ nearly three centuries, eoming down 
to within a ceotur}’ and a ItaJf of the present time. Men still Imng 
may have talked with men who kaiew* Linnaeus; and he wrote nearly 
all d£ his many volumes in Latin. Galvani's famous treatise on the 
effect of electridt)' on musciilar activity was published in Latin^ in 
1791, thirteen years after the death of Liimssiis, 

Hut 1 jiGti is no longer used as the intemationa] language of the 
scientist. IVIore and niore it was ahandotied for the versiacular o£ 
the country—French, English, Italian, Gemiaii. Now as long as im¬ 
portant scientific pubiications were restricted even to these four 
languages, with L-atiu as a possible fifth, the situation was not un¬ 
bearable. It may be a task ol some magnitude to acquire a ready 
reading command of these languages; it is not so oneresus aa to make 
it virtuallv impossible, even to the scientist whose interest is not in 
the forms and the manifestations of human expressbn, but in tlie 
content of such expression. But witliin the last cctitiiry nr leas, other 
lanpiages have come into use for scientific publication: Spanish, 
Dutch, Danish. Swedish, Modem Greek. These 1 mention from my 
ovra experience with the fruits of research in the linguistic field: I 
have no doubt that the natural scientist meets them in his teclinical 
literature, f have e%^en known nr heard of scientists who had 
learned, or were learning, Russian, Polish, Czechish, Rounumian, 
that thev might make available to themselves the trccilises in these 
languages. Texiay, with tlie recrudescence of many minor nationali¬ 
ties, and the revived national feeling of stime larger units, caused by 
the Great War, we may be facing an era in which important publica¬ 
tions will appear in Flmiish. Lithuanian, Hungarian, Serbian, Irbh, 
Turkish, Hebrew, Arabic, Hindusemt, Japanese, Chines. And, 
alas, the salutary' practice of giving in French or in English or in 
German, at the close of the treatise, a Bummary of tlie argument and 
of its resiiUs, lias almost or quite disappeared. 

The burden has bex-ome too great, even for the professional phi¬ 
lologist and litterateur, and means must be sought to lighten it. The 
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first notable effort hi this line, which received wdc coniSiderationp 
was the artificinl language called Volapiik hy its inventor^ Bishop 
Schieycr, which ran from 187=5 iSSg. In tBfig the third intema- 
tinnal congress of Volapiikists w’as held, at which such dissensions 
burst out that the movement for the lUie of Volapiik disappeared in a 
few manths. In 1887^ the Amencan Philosophical Society had ap¬ 
pointed a committee to report oti its utilit\% which had brought in a 
report entirely imfavonihle to it; the arguments presented may be 
seeji in the report of the committee {Fract^^dmgs the A^nencan 
Philosophical Society, XXV.h 3. ^3h cL XXIY., 415, 421, 436). 

Since Volapiik nnroerons other artificial languages have hctii pre¬ 
sented to the Tfl'Drld, in the expectaliori that they would supplant 
other means of commnnicatiofi between speakers of different tongues. 
Of all these, the most conspicuous are Esperanto, the invention of 
Dr, Zamenhof in 1SS7 ; Ido^ an offshoot of Esperanto in 1907; and 
perhaps the Interlingua or L^thiD sLoe flexioue of Dr, Feano. Dur¬ 
ing the same time, the claims of various modem languages for such 
inleniational use have been presented, notably those of Eiighsh and 
of French, sometimes those of Germaji, of Italmn, of Spanish* 
There has been also a strong mmement to restore Latin to its former 
position as the medium of intemahunal comnmnicatiod. 

Let us postpone temporarily the question as to which of these 
shall be the choice ot the scientific scholarly worlds for its inter- 
nadonal communicatinn^ and consider what quahfitations and serv¬ 
ices may fairly be exacted of an international language for scientists, 
Certaitdy, as a minimum^ it sliould be an acceptable medium for 
pubitcation of tedmital articles; and this involves the possession of 
a teclTuicai vocabtdaty capable of expansion to meet tlie new needs of 
scientific progress p and the possession of a vocabulary with a recog¬ 
nised and unqucstiaTied standard of meaning. If other more im¬ 
portant qualities be not sacrificed, it is desirable that the inteniational 
language be eas>' to learn and easy to understand, and that it be brief 
in its forms of expression, for economy of effort on the part ot tlie 
learner and economy of space in printing; hut for scientific purposes 
it is absolutely essential that there be no ambiguity in the meaning of 
what is set down on the written or printed page. Further, if the 
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scientist wishes to use liis intematioiia] languaj^e for spoken as well 
as for written intercourse, ease and brevity gain slightly in impor¬ 
tance ; but after all, the scientist needs a medium with an absolnldy 
certain significance, and he can express himself by word of mouth, 
even though with slowness and painstaking, in any language which 
lie is able to write and to read with, moderate facility. 

The precision which is essential in any language intended for the 
recording and transmission of scientific problems and solutions, is 
llased on two factors: the facilities for precision in the meaning of 
the words, and the facilities tor precision in expressing the relations 
' amongst those words. Let us consider first the matter of the mean¬ 
ings of the words themseh'es. id titeir relation to the threefold pos¬ 
sibility In the selection of an international language; a modem 
national language, such as English, French, Gettnan; a so-called dead 
language, such as Ijitin; an artificial language, such as Espenmto. 
Tliese we may take as types of their respective classes. Now the 
words of Latin, Etiglish, French, German have significations ivliidi 
are by all admitted to belong to them, and cannot wilfully be altered 
but the vocabulary of any recently invetited language, be it Esperanto 
or any other, has only a subjective nMaiiitig, conferred on it by the 
maker of the language or hy his associates and successors. The long 
series of works written in Latin, English, French, German, demon¬ 
strate beyond nuestiau what the meaning of a word has been and is. 
and how it should be used; and the summaries of these usages consti¬ 
tute our dictionaries. But there is not, and cannot be, such an ob¬ 
jective basis lor the words of an artificial language ^ no lexical scheme 
set up a priori can provide for all the needs of precise and unmis¬ 
takable expression. It is of coruse a fact that the makers of arti- 
fieial languages have come more and more to use as technical words 
those words which are in common use in tiie modern lattguages, with 
only such changes as their orthography and scheme of tci uiinations 
requires; the “old" Esperanto maitamiffho has been replaced by 
modern Esperanto cklipsa- This is part of a movement to tui alleged 
ease in vocabulary; Ido and some other made languages profess to 
use as radical or basic words only those which are found in a num¬ 
ber of modern languages in sobstanttally the same form and meaning. 
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One system even redtices the fonniiJa to this, that any word found 
in Latin and English or in Latin and French ts acrceptable as a word 
in the International Lang^iage. And the signifiLance of this is that 
the vocabntary of Latin must be the vocabulary of our Intertiadonai 
language. This b mcreasingly clear wdien we note that English, 
French^ German^ and other modem languages, when they need new 
words in technical meanings, take them almost without exception from 
Latin and Greek- and any Greek word, when transliterated, may be 
used as Laiin wn'ihotit more ado. Even the newest of scientific toy^, 
the radio, uses such a Greco-Latin vocabulary j the solitary exception 
which I have noted is the cat's whisker, easily latinized as a sadu 
fetiim, or, to use the actual zoological term, 

For the expresstoa of the relaticm of the words to one another in 
plurascs and clauses, there are three main devices: terminations, 
auxiliary words (chiefly prepositions and auxiliary verbs), woil 
order. The trend of linguistic dcvelopinent has heeiij in the lan¬ 
guages of ni4xlern Europe, to decrease the use of lerniiiiations and 
to increase tlie use of auxiliaries and the function of word order, 
Latin, for example, made extensive use of lermiiiations, and a moder¬ 
ate use of auxiliaries, while word order was reser%'ed to show die 
limits of phrases and of ejauses* and to bdicate empliasis. French 
lias greatly decreased the role of terminations and has magnified the 
use of auxiliaries and the importance of w-ord order, English has, 
in tile main, still further dispensed vHtli terminations* German has 
kept more terminations than English, and has tlictehy been able to 
reserve the ivord order, in a certain measure, for the conveyance of 
emphasis and for rhetorical etfects, Esperanto has a limited num¬ 
ber of termfnatjous w-hicb are of very wide use, being found in 
vimiaJly every word; it makes slight use of viarbal auxiliaries^ but a 
large use of prcpositiotis; and the W'ord order, while in the main like 
that qf English, lias a smaller fundamentaj value, 

Were we to seek which of these three devices expresses the tx- 
treme of prceisiori, wc might he at a loss to decide. A complete sys¬ 
tem of ternitnationSj wherein none has a two fold value, would be a 
perfect scheme ; so would a complete ^^stern of auxiliar)^ wo-rds, 
placed in a dehiute position with regard to the words modified. Ex- 
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tensive use ward"<}rder invoUTs an extensive use of auxiliary 
words ; these two metliods cannot therefore be employed alone. But 
no language employs one methEKi only to express relations | and any 
system of auxihary' words, compkie enougfi to convey all possible 
modifications of tlie thought, would be at least as cunibrcius as a good 
system of terminations, MoreoveCp we may witli propriety make 
our choice among tbos-e languages merely which are existent, and not 
seek for a theoretically perfect one. on which there would be no un¬ 
animity of agreement: vritness the rival activities of the partisans 
of EsperantOp of those of Ido, of Occidental of Latino sine flexione, 
of Ro^ and oi many others. 

Now’ it lias been urged repeatedly that the tefideniy of modem 
languages is aivay from tlie tnEectionaJ or ^mthetic typCj such as 
Latin, and toward tlie analj’tic ty^, such as English, wdierein termi¬ 
nations are replaced hy auxiliary nr relaiiona] words. This is true; 
but whether it represents an advance in the machinery of expression, 
is quite another matter. The ancient Greek, a language more highly 
inflected tliao Latio^ and yet making greater use of relational wordsp 
has been rccogniKed as one of the supreme products of the liumaii 
mindj perhaps the very- liiest medium ever in use for the precise re¬ 
cording and transmission of thought, I-atin is another highly iu- 
flectcd language with a notable achievement in the game direction. 
Frenrhp as a written language, is still rather higlily inflecEed ; and it is 
a vehicle for a precise utterance whose brillioncE is perhaps the pitKi- 
net of the mentality of its users rather than of anything inherent in 
the form of tlie language. English is, in the liands of skiUed writers, 
capable of precision, but also oi many anibigutties wludi even the 
best scholars fail to note in their own composilion. German of sci¬ 
entific content displays a definiteness of nieaning w^hich convej^s die 
thought hut does not stimulate the emotions or the iuiaginationH 
Esjwranto and other artificial languages have not had such careers 
as to establish their qualities along these lines; but they display in¬ 
evitably the national idiom of tlic writer, he be German, French, or 
English, and often need retransLation into his idiom before the exact 
meaning can be determined. 

May we not regard a reasonably full set of inflectional endings 
as a valuable check to mtsunderstandlng of the meaning? An Eng- 
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lish-speaJsin^ person will naHtrally understand the implicatiQns of 
English word-Drtler+ which vary from those of order in French and 
from those of order in German^ though not in tlin fundamentals; but 
there is no reason to infer that the principles common to these three 
languages are common to other languages of very different tj-pes. It 
is quite true that substitutes can be found for endings as indScatioiis 
of tense, voice* person^ Gtimber in verbs^ of case^ number, gender in 
nouns and in adjectives; but not infrequently these devices betray 
their inefficiency, wdiere endings cannot be mistalteii. “ I like John 
better than James " : we need to know whether James is nominative 
or accusative, " He jumped into the car, covered with dust an 
ending OH the participle would show whether the man or the car ms 
dnst-roveted. Seated by my window, a parade went by ”: the 
eirployiTient of an inflectional tmding will autnmatically correct the 
hanging participle. Many other similar instances might be quoted, to 
show the greater efficiency of an infiecting language over a language 
with all ultimate niiniinum of significant terminatioiis. It may be 
granted that there ia a duplication of the signs of mterrelation oE the 
words, and that in any language there are sure to be terminations 
winch are identical with each other and therefore not thoroughly 
perspicuous in meaning; but with aJl tliat. for purposes of absolute 
preosion, 1 do not hesitate to declare for an inflected language as the 
best means for recording the results of saentihe advancement and of 
communicating them to a w-orld in which imhappily there h a wide 
diversity of langxiages. 

This line of thought* which might be amplified to much greater 
length by fuller argnmentation and presentation of cvidctice* obvi¬ 
ously leads to Latin as the proper medium for the scientist who 
wishes to address himself to an international public. We have al¬ 
ready seen that until less than two centuries ago I^n wa^ the recog¬ 
nized medium for such use* in some fields, it still remains so^ In 
zoology^ the otdy recognized scientific name of an animal is a Latin 
one, cnnsisting of two parts, a generic and a specific one; aU names 
of larger groupg* such as families, orders* and so on, are in Latin. 
The botanist similarly names his plants in Latin, species, genus, 
family* everything; he has even, for his own benefit and protection. 
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ruled tliat the &r5t description of a newly discovered plant, to be con¬ 
sidered vaJid^ miist be couched in Latin, The anatomists, after 
wandering into a bevidldering jungle of technical teniiinylog}^* simpl!- 
fied it some thirty years ago by turning every designation into Latin, 
to be used in all lands^ whatever the language. The physician writes 
his prescriptions for the pharmacist in Latm^ to guard against errors 
in the less objectively expressed naLtonal tongue. The chemist ex¬ 
presses Ills dicmical reactions in algebraic farnmlas which draw their 
significant letters from the Latin names of ihe elements. Even 
where the use of Latin is less apparent, it is none the less real; for 
evfir>' branch pf learning makes its new technical terms from the 
stock of roots and words preserved to us in Latin and in Greek—and 
every Greek word, as we have said, is usable in l^atin by a simple 
transIiteratioiL In view of this, it is a quite untenable stand that 
some have taken, that Ladn is not capable of expressing the needs 
and tlie ideas of a modem cirili^adon, altering and progressing al¬ 
most day by day. 

Latin has moreover the advantage of a reasottably phonetic sys¬ 
tem of waiting, which it shares on approximately even terms with 
German and with Esperanto and other artificial languages, while 
English and French show very imperfect correspondence between the 
written and the spokcdi fomis of the language,^ 

Thus Latin has, as the lutEruatiotial Language for the Sdendst, 
manifold qualificatioits: a vocabulary’ which is essentially bter- 
national; a technical terminology^ wdiurh is already extremely wide 
and is capable of easy and indefinite extension ■ an objective sta nd ard 
of word-meaning; complete precision in indicating the relations of 
the ’words to one another; a phonetic alphabet; a career of intcr- 
nationa] use which lias even to-day not came to an end. Beside^ 
this, Latin is, of all uon-native languages, tlmt langi^e which is 
most studied in the schools of Europe and of America; and its use 
would not inJBame interaational jealousies. 

For scientific use, as for al3 general rntemational use^ some liiuita- 
tions might he laid. It is not to he expected uor to be desired tliat 

^ On this pcKot, ami other fciitttres of the prqhlan, I bavt expressed nw 
vie\^‘a morf ftiily than wpciM be rdevsiit iit the presept ]>aiper+ m my ^mphlet 
“ Lalifl As the IntematECinid AiuttlLaty Lart^ge/" pp. 3^. published hi ipaa by 
the American Ckssical League, Princeton^ N. J* 
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ati inLemalJonal bngiiage i^hould be couched in complicated seirtencesn 
imitating for example the periodic structure of Cjcero*^ writings; 
but there is no inherent reason why Latin has to t)e written in this 
fasliJon. Tile writings of scholars in the Middle often show a 
simpler form, with shorter sentences and fewer clauses 1 simpler 
Latin, but not for that reason other than good Latin. A sJiglit in^ 
crease in the use of the pr(^K>stt!Ofis, where usage is mure or less 
optioiial, might be urged also- In this lashioa Lalin stands supreme 
as a means of conveying scientific thought to an intemajticinal public. 

To what extent, finaiiy, are we to expect tlic use of an inter¬ 
national medimn for iwJentific puhlimtion? After all^ it is uuthink^ 
able that all scientific wTHting shottid be couched in the language 
chosen lor this purpose, be it Latin or English, or Esperanto; it 
would not be worth while. Comparatively little technical writing in 
any field, wliether natural scientific, or historical, or linguistic, has a 
permanent value or changes the course of human thought Most 
scli&lars, in any case, would prefer to assure themselves of ati tin- 
mediate audience among their own compaltioiSj rather than risk los¬ 
ing that audience in part for the doubtful favor of a bearing iu other 
lauds. And so 1 am not those who would catch a vision of an luter- 
natioiial Language which, is designed as an Auxiliary to the native 
tongue ^ but will in time spread so widely that fund parents vriU speak 
it tu their infants in the cradle rather tfmii use the d^Iasse vernacular. 
No; the Internatinnal language will not reach this point But^ Eor 
the Scientist^ it may weH and advantageously serve as (he language 
of miemational jounials, presenting in abstract the results of studies 
and investigations in ail lands, with occasional longer articles of truly 
lasting >vDrth; tt may sen^e as the Jaiigtiage of those epoch-making 
books which from time to time appear and change the aspect of the 
field which t^y treat. Such use would, I am sure, he a boon to all 
scholars who are now victims ot a mudem Babel. 
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SOME PROPERTIES OF SIMPLE ELECTRIC 
CONDUCTING NETU'ORKS. 

By a. E. KENNELLY. 

(JZeocI April s6t li>34.) 

It IS known tliat [f in any dteraa^ting-crLirrent network of 
electric conductors, such as that shown in Fig. 1 (w'ith or without 
transfoTTciers in the meshes), two pairs of tenninaJs are selected* 



Fig. I. Diagram fcprewnting a lictwork of altEixnatiiiK-current elements. 

such as a, g and ft, A; then, at any givien frequency, the sj-stcm 
may be regattled as posseasing. and as being defined by: 

(1) a hjTJerbolic angle in geiieral eomplex (hyperbolic radians 

or hiTJfl. Z); 

(2) a "geomean** surge impedance a,* (ohms £)\ 

(3) an inequality ratio” q (numeric /}. 

Moreover, tlic system may be regarded as being reducible, 
either to the dissjmmetrical T of Fig. 2, or to the equivalent 
dissymmetrical n of Fig. 3, with respect to the two pairs of selected 
terminals, and the selected impressed frequency. The numerical 
values of $, s.», and q are obtainable theoretically from three 
. U ITI 
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meEisureinedts of the ittipedaiice of the network. In practice, 
however, it 15 preferable to make four htipedance measurements; 
VIZ*, twxy {R^f and at the a, ^ temuiials, with the pair A, h 
opened (freed)> and shorted (EToimded) respectlt^y^ followed by a 



Fig. 5, Dis>-TnmeLntal T replacing a netiAXirk with reaped ta two pairs of 

terttiinab. 



Fig, 3, Diss^^mitietritaJ Jl replaemg n network with respect to two fiaira of 

LenninAlsi. 


simitar pair (JE^/ and /!i,) at the 6, ft tertninala, with a and g freed 
and shorted respectively. The angle & Js then defined by the 
relation 


tanh d ~ 


Ram __ Ri^jf 




numeric Z* (1} 


The apparent snj-ge impedance on the a side bectimes3„ ™ V^TTsII 

ohmB z and that on the b side ohnis z. Vhe 

geometrical mtErn of these two gives a,* = ohms z ; while 

their root ratio gives the inequality ratio q = V^/^. Prom S, 
and q. the equh'alent T and H of the netw'orlc with respect to 
these particular two pairs of terminals can be found, as in Fig, J, 
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It Is proposed id this paper to discuss a few GltmiGiilary cases of 
detwnorks, from the point of view above outlined. 

Case L Th€ Icrmifmh b and k are brought indrfinitdy dose to 
the terminals a and g. {& ^ 0.) 

This case is represented in Fig. 4, where the impedances of the 
network are conventionally ^hciwn by simple straight lines. The 


A 










Fici. 4. Case or a nctw^rt ha^Tng the two pair? of tcrmjitaJB; and bratig^i'i 
m^nitdy cloBe together (ff “ o)+ 


first pair of termmals, a and gp having been selected^ the second pair* 
b and h, ane placed almost in contact the same. Then the 
impedances Rt/ and R^/ are equal, and may be represented by ^ 





I 

ilS'i 






a. 






y^' ij. 1=^- 

Fiqs, 5 And 6 . CoTTBspcinding cquivaknt T dnd H fof Cnee of Fip* 4- 
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ohms Fig:, S, the vectcr reciprocal of which is the admittajice 
g mhos Z* Shorting at either pair of lerminal!? reduces the 
impedance at the other pair to zetOr That is, ^ J?*, 1= 0. 
Hence ^ = 0, or the anj^Ie of the network becomes vanishingly 
amdl, and Saa — 0, or y^h ^ - Also q = 1; and there ceases to 

be inequality'- The corresponding equivalents 7' and fl of the 
wstem arc shown in Figs- 5 and where the series elements are 
indefinitely small. The impedance is the impedance ofTered by 
the network, at the selected frequency, as measured from either 
pair of temiiiials- 

Case 11. Ths tt£^ pairs ijerviinals ar^ in. conjugate'" rcbtlion 
to fueh othert or are etecfTkaily ifulefinilely remote^ (tf = cc,) 

Fig. 7 represents a particular case of a balanced WTieatstone 
bridge or quadrilateral. Here the network is reduced to four 
elements ah and ah, each of 

1000 + jZOOO - 2236 ^ 61^ 26^ 6^" ohms; 
also bg and hg, each of 

500 +il000 = Ilia Z 63* 26' 6" ohms. 

Under such conditions, it is evident that the application of e,mi. 
to the lerminals ag will produce no potential diJTerence between 
the terminals bh^ and reciprocally* If we measure impedances 
between terminals ag^ obtain i ^ 

R./ ^ Ruu = 750 + jl500 = 1677.05 Z 63* 26' 6'' ohms z 
and 

= tanh S = 1. 

0 =" ®, or the angle of the network becomes indefinitely large; 
w'hile = 750 +jl500 ohms. Similarly, measuring impedances 
between temunals bh, we have 

= 666.6 +jU33i = 1400.71 Z 63* 26' 6'" ohms. 

Again 

^Rb^lRh/ = tanh ™ 1. 

Hence 


Co* ^ =. 707.t +J1414*2 = USl.l-J z. 63“ 26' 6" ohms 
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and _ 

q — — 1*06066 Z 0** 


Fig;. S shows th^ equivalent diBsymmetrical T of the Wheatstone 
balanced bridge, with respect to the ttt-o pairs of terminals. The 










= 64fcUj^JW-5=±i:j. 




Figs. 7, $ wid A UTicatEtone BabiicPp with its i!qiiivaknt dlssyintaEtncal T 
*iid n. CoTiju^te Cpftductor Case (fl = -"c ). 


Staff impedance w)' is zero, or the staff admittance is infinity* 
This infinite leak at iw' prevents any current supplied from one 
side from affecting conditions at the other, 9 shows tlic 

corresponding d issj'mniet rical tl* I n this case^ the arch it ntv'e imped - 
ance is infinite^ or its admittance is Kero, w'hich introduces a 
complete electrical barrier betw^een the two sides of the system. 

Case l\L Th€ tmm pairs of termtfiah art in simple **dff}p~wire'* 
rekii^n, the pasithn of the contact point being variable ai will (0 = 0 
tc 9 = Efi d 
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Fig. ID presents the simple coiitInuoii&-cumerit case of a straight 
unifgmi wire ag* having a total resistance R, which is here assumed 
aa 1000 ohma. The ternninal h is made eoLdcident with g; %^iile 



7t= 

^ ■VJF- 0-7071 

^ J ef / 

^ a/F:^r - Ml"" 

J = j/TK = L4lfi 

Cl ^ yzi^ <r * 0 

^ n. 



i Rjt := 

= SnfjC-JiJ= 

AiiHi* - fl 7^07^1 

jjt 

^ ^ = ^n/i-n * 

I" = ^ 

S tcL ^ i /ti- 




Fres. lOp n and is. Simple Three-Termifial Drop-^^irc S>‘^ltcm^ with its «|ihv- 
alent dissy-TTimetrical T and H. 0 varies trom o to ^ ^ as » vanes from i to 0 . 


terminal 6 is a contaett movable along ihe wire, so as to include 
Rn ohms betvreen b and h. As sh own, n = 0.5, or bh includes 
500 ohms. Then tanh fl = Vl — j*. When = 1, or fr coincides 
wnth £ 1 , tanh B ^ U and S = 0. Again if n — 0^ or 6 coincides with 
tanh B ^ 1 and ff = 00 . In the case i ndicated B = 0.fi81J7 hyp. 
The geomeiin surge impedance Sa*. = J? Vfi(l — n)^ in this case 500 
ohms. The inequality ratio g = 1/VS “ 1.4142. 

For any such drop-wire system^ = 1 when n = Q.42 very 
nearly I t.e.^ when the impedance of th is veiy' nearly 43 per cent- 
of the total impedance ah. 
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Significance of the Hvfebbolic Angle fl of a Network. 

As has already been pointed outp any and every network of 
electric conductors apeniied at a single frequency in the steady 
state, between a pair of driving or sending^end tcntiinals a, g and 
a pair of driven or rt'ceiving-end terminals b, i, possessesor subtends 
a certain complex hyperbolic angle S'. The principal significance 
of this angle relates to the sending-end and receiving-end imped* 
ances of the sj'stem, mth respect to the two pairs of terminals. 
Thus the driving-point impedance or sending-end impedance is: 
with the recei’i'ing-cnd terminals bk open, 

coth 6 = qsot rath B. ohms z, (2) 

W'iih the same terminals 6, h joined or shorted, 

Jiag = Sm tanh 6 = tanh 3, ohms Z, (5) 
and with the same terminals b^ h connected through an impedance 
(T ohms z t 

tanh (e + 9 ') = gu,* tanh te -(■ tf'), ohms Z, (A) 

where 

9 ' = tiinh~‘ (<r/£.ft)f hyps Z- (S) 

Thus, in the simplcdrop-wire case of Rg. 10, if a load of v = 200 
ohms b applied across the receiving-end terminals b, k, the position 
angle 6' becomes tanh-i (200/353.55) = 0.&4116 hyp., and that of 
the sending-end terminals (fl + O'} becomes 1.52253 hyps. The 
sending-ehd impedance Raw b then, by (3), 707.1 X tanh t.52253 
- 642.86 ohms. This result can be obtained more readUy, without 
reference to S, bj- applying a terminal load of p = 200 ohms to 
the terminal b' of the equivalent 7* in Fig. U, or of the equivalent 
n in Fig. 12, owing to the fundamental simplicity of the sj'stem m 
Fig. 10; but in the general case of a ramplicated network, the 
hyperbolic angle 9 has considerable advantage in computation. 

Again, the receiving-end impedance of a network loaded with 
V ohms Z at the terminals 5, A is: 

Zu = Swi sinh fl ^0" cosh tf, ohms Z, 

= jg(e,i sinh 0 -|- <r cosh tf). ohms z. t5a) 

[f = 0, or the terminals b, b are shorted, 

Zn - a** sinh 0, 


ohms Z. (6) 
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Thtis^ with a load of u — 200 ohms applied at die receiWdg-cnd 
terminals of Fig. lOp as before, Zft - SOO sSnh (hSSL37 4- 1.4i4f 
X 200 cosh 0.8^137 - 300 + 400 = 9C30 ohms; so that an e.mi. 
of I volt applied at the terminals £t| g would debv^er a current of 
1/900 ampere through the load across tcrmlrLals b, h. This is 
readily checked by inspection of Figs* 11 and 12. 

OsE I\\ A transformer is included in ike networks 
Wlien a transformer is incinded in the network, as at T in 
Fig. I, it has long been knois-n ^ that it might be replaced by a 
certain equivalent condnctixne relation* So long as the secondary- 
eircuit s> stem is separated from the primary system outside of the 
transfomier, the conversion from inductive to conductive contiectiou 
is Ordinarily easy. When, however, as in Fig* 1, the secondary 
system is joined to the primaiy^ system, or is electrically te^ed 
for phase relations in reference to the primaiy^ system, some dis¬ 
crepancies present them selves that need to be cleared up, in order 
to reach a definite and unambiguous neBott- Some ambiguity is to 
be found in recent literature on the subject. It seems that only 
very recently^ the effects of res^ersing the connections between 
primary^ and secondary' windings, on the equivalent 7\ have been 
pointed out- It is hoped that the following discussion may aid in 
enabling general agreement to be reached- 

An " ideal ” two-winding iransfoniier may be defined, for present 
purposes^ as a transformer devoid of powder losses and of magnetic 
leakage* It will, therefore, have vanishingly small resistance in 
either winding^ and no hysteresis in the magnetic circuit. All the 
magnetic flu?s links with all the turns. The inductances of the 
windings being Li and £a h enrie s, respectively^ their mutual in¬ 
ductance wdlt be ^ = zb henries, where k, the coupling 

coe£6dent, is unitj> I'he algebraic signs of £| and Li are essentLilly 
positiver but that of fi is open to either positive or negative inter* 
pretation. Tlie impedance of the windings at an impressed angulaj- 
velocity w radians per second, where tMt = 2wf, and / is the frequency 
in cycles per second, will be and ^ ohms, rcbpec- 

tivelyj while the mutual Impedance will be ohms, 

either sign l>Citig availablen We also assume that, in an ideal 

^ Uibliograpliy Z. 

® BiblingrapKy 
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transformer, the caparftance, either between the two windinESj or 
between turns in one and the same wmding, is negligible in its 
effects; so that when one winding b supplied ’with a sinusoida] 
current of I rms, amperesK the e.m.f. thereby induced in the other 
w^inding b J// = ± rms. volts, in quadrature with the current, 
the sign being taken as either positive or negative, according to 
the direction of reference adopted- 
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Fic. 1 j. Pure Lcvt^I TransfonBer Tilth lo per cent, magnetic leakage, dLftrt and 

irverw cannections. 


An actual transformer, with its two low'-resistance wmdingB 
suitably laid on together over a wooden toroidal core^ may furnish, 
fc>r many purperaeSj a satisfactory approximation to an ideal traas- 
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foonerp when Operated at a low frequency. When* however, the 
coupling coefhdent k falls mateoally short of unity, the transforme 
otherwise regarded as ideal, may be called a '"pure" Transformer; 
1,^., as free from pcr^'er losses, or capacitance dtstnrhances. 

A transformer with equal numbers of primary and secondaiy 
turns, or unity ratio of transfomtatfoiiT is sometimes described as a 
"le^^el transformer.^^ CDnsequently^ a level pure transformer has 
no power losses but has magnetic leakage. Consequently, ri = jLim 
= ^ ~ ohmSp and Jf = ± = zb j^£w. 

Fig^ 13 indicates the connections of a level pure transformer^ 
whh 10 per cent- of magnetic leakage, or a coupling coefficient 
k = 0.9. Each winding has itero resistance, and jlOO ohms re¬ 
actance, of which j90 ohms is in that part of the winding completely 
interlinked with the other, with jlO ohms in the remaining part 
w^hich is magnetically dissociated. On the left-hand side marked 
‘"direct'" the mutual impedance is taken as M — +i90 ohms, and 
on the right-hand side, marked "reverse,” as — j90 ohms, the 
second winding being reversed in the two cases with respect to the 
two pairs of terminals AC and BIL 

With one pair of these terminals open, say the impedance 
offered by the winding connected to the other pair -4G whll be 
it,/ = Zi = jino ohms. Closing the second circuit by shorting 
terminals 5/f wdll increase* the htipedance, as measured at j 4G, 
by an amount equal to AT^/rra = “ jSl ohms. There is no ambi¬ 
guity in tlie sign of this increment^ since it depends on AP. It is 
the same in eilher the direct or reverse connection, and in either 
winding of each. Consequently, in all four cases, — jlOO 
— jSl = il9 ohms. Moreover, by symmetiy^ g ™ I fo r a le\^et 
transformer, and the geomean surge impedance becomes 

= j43.,589 ohms. 

Taking the ratio R^glRaf, or 0.19, as tanh* whore 0 is the 
angle of the transformer, we obtain tanh & ^ 0.43589* 

Owing to the double sign of A/, ive find that there are two 
values of the angle B, corresponding to the relation tanh 0 = 0.43589, 
One \s B = 0.46715 hyp., a ^real" angle comesponding to the + 
sign of Mt and the other b ^ = Q.46715 ijV hyp., a complex 
angle, whth a circular component of t rarlians, or 2 quadrants. 
^ Bib1icig;raphy 1. 
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This iTjTDplex corresponds to the — sign of AT. To these two 
different angles correspond the two different eqiii^^ent Ts, and 
the two different equivalent shown in Fig, 13. In the F's, 
the staff or shunt impedance is 1/+ ivith its appropriale signj 
w'hile in each T bnincb is the impedance ;ei — or Si — AI, to 
correspond p In the direct-connection 7 + the branch impedances 
are JIO ohms each. In the reverse-connection T, they are il90 
olima each. Moreavtr, Jf there were no magnetic leakage [jI =- 1), 
the direct 7" branches would have rero impedance, and the reverse 
T branches W'ould be 2Af. or j200 ohms each. 

It does not seem possible to discriminate between the tw'o T's 
or the two by any regular tests that can be applied to thif* 
transformer^ in which the secondary^ circuit is kept distinct from, 
and independent of, the primary. That is, the sign of M remains 
ambiguous, so long as the primary and secondary sy stems are 
independent. Either the direct or the reverse T may be used, 
with any primary' source on one side, and any imfjcdance applied 
as a secondary load to the other. In other w'ooJSp one cannot tdl 
wrhether the connection is direct or reverse, and the terminals may 
be reversed, on the primary' or on the secondary side, without 
affecting the impedances* TOltagGS, currents or powers on either side* 
[f, however, we uiterconnect the primary' and secondary' sides 
of the transformer, either conductivelys or through another trans¬ 
former, the resulting physicaJ conditioTis remove the ambiguity, 
and determine the sign of 3/. Either the direct connection, or 
the reverse connection^ is implied, and one only of the tW'O Ts^ or 
of the two H's, mufft be used, to repre^t the behavior of the 
transformer* To take a simple case, we may connect lerminal A 
to terminal B, and likewise terminal G to terminal //. This will 
place the tw'o windings in piirallel connection. If the connection 
is direct, ail esaminatlon of the equivalent T, shovrs that 

the joint impedance of the two windings w'iU 

ohms; w'hereas. If the connection Is reverse, the other T, 

shows the joint Impedance to be ~ ^ 7^ ohms, or 19 

times less. In the direct case, the current received by the pnrnllel- 
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cdrmected transformeri from 100-volt a.-c, mamiit wottld be — j 1.053 
amperes; a simple excitation ctirrent; while in the re^^tse case, 
it wTDuld be — j20 amperes* which would be a short-ciraiit current. 
Moreover, if there were no magnetic leakage (A = I)* the [iKirallel- 
connected level ideal transformer would take 1 ampere in tbe 
direct-connection case^ and an infinitely great current in the reverse- 
connection case. 



Fig. ijp Pure UokwL Timnsformer^ direct and qonnectkmi. 

Again, if in Fig. 13 we connect together terminals G and if* 
90 as to put the two windings in series, the Impedance measured 
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between the end terminals -4 and B will be found, from an e^tni- 
nation of tbe cqui^-^lent T\ to be j20 ohms with direct connection, 
and jdSO ohms with re^’^^Ee connection. The difference beLsi'Cen 
these two measuremetits (J36CI), as is well known»is four times ^ the 
mutual reactance Af. Sifnilar remarks apply to the cases indicated 
in Figs. 14 and 15^ 

Referring to the network of Fig. 1, with the Transformer T 
embedded in it, the interconnect ion between its primary and 
secondary- systems dispels the ambiguity as to the sign of the 
mutual inductance ^ and of the mutual impedance M. One or 
other of the corresponding equivalent T 's will be rendered nece^saryt 
according as the connection of the transfomier is direct or reverse- 
It might not be necessar>^ to ascertain which connection was 
actually U!=ed. For two given pairs of termlaals, such as g and 
b, K Fig, 1, the values of and i?ig and Rtf should gi’^^ the 
correct final equKulents T and n of the entire system, transformer 
included T but in analyzing the composition of the final T and n, 
either the direct or the reverse T and 11 of the transformer, con¬ 
sidered separately^ would have to be used. 

Consequently, although in dealing w'ith a complicated netwrork, 
like Fig. 1, It may be neither oeces€^ar>' nor desirable to knovf which 
conueertiDn is used in the tnmsformer; yet, in order to replace the 
transformer by on cqui^ulent T in the network, say betw een termi¬ 
nals It J and 4t it would become necessary^ to ascertain, say by 
a test of the transfurmer temporarily disconnected from the neiw^ork* 
whether the direct T or the reverse T should be employed. 

In Fig* 14^ the pure transformer indicated is unlevel, and has 
a transformation ratio of 10, wdth a coupling coefficient k ™ 0.94SfiS: 
so that £i = ohms, Si = jlOOO ohms, and M = dr j300 ohms, 
with + j300 for direct, and - /300 for inverse connection. The 
impedancQ due to the second ary' closed circuit in the primary is 
- j90 ohms on the side and^ j9O0 ohms on the c* side. Here 
£,fc «jlOO ohms, and q= The t-alue of tanh tf being 

0.31623, the twxi values of are 0,32745 and 0,32745 + j> hyps,, 
respectively, according to the + or — sign of the mutual indac- 
tance 

* Biblbgraphy 12 and 13^ 
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If two trunsformerST of the tjT>e sHd^ti in Fig* 14. were operated 
as step-up tTBusformerSp in parallel for lOO-voli mainSr and with 
their secondar>^ tenninalfi juinedp they would operate tn paraltei^ 
sharing the exciting current* provided that both were direct con¬ 
nected, or else both rev'crHe connected. If, however* one were 
direct and the other were rev^erse^ they would act as mutual short 
circuits to each other. In any of these cascSp the distribution of 





Fig+ 15. General UnJcwI Tr5aIla^a^l!ler with Air Cere Euir! EiterruU Impedances. 
Direct aiEiij revtrw connect ipna* 
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voltage and current in the might be found by suitable 

connection of the and D's of Fig, !4 with an appropriate source. 

Fig, 15 represents the case of a general type of transformer^ 
without core losses, but with resistance In the primary' and secondary 
circuits, both internal and CKtemaJ, This case might correspond 
to an orduiaiy' power transformer of 10 : 1 transfortiiation ratio, 
if the shunt leak or staff of the T had resistance as well as reactance, 
to represent the loss of powder in the magnetic circuit. The angle 
of the transformer is complex in this case;; & — L50156 +_f2.306G 
for direct connection, and 1.50156 + j5,4482 for reverse connection, 
the two differing by w radians^ or 2 quadrants^ in the circular 
component- The angle B can ordinarily be found by charts to a 
fair degree of precUion.* 

Tr-KNIXQLOGY. 

Question may be raised as to the applicability of the terms 
^*direct’^ and "re’^'erse," here suggested for the two relati^T con¬ 
nections of primary and secondary terminals. This is a mere 
matter of terminologyi and the choice of these terms has no neces¬ 
sary implication in the arithmetical conditions under consideration, 
\\Tiate\er terms may be selected, they should not involve any 
disparagement of cither mode of connection because for some 
purposes it may be desirable to use the one, and for other purposes, 
the other^ 

A connection is ^"direct/* In the sense here proposed, when, if 
the transformer w^ere ideal and lev'el, the branch impedances of 
the equivalent T wnould be zero or the tertnina] A w'onld be in 
direct connection with terminal B, as ngainst 2jif ohms in each 
branch wdien reverse. The angle B of the transformer would be 
real for direct^ as against complex for reverse, connection. The 
staff impedance M of the equivalent T would be -h direct, as 
against — reverse. The two windings would be applied in 
the same sense and towards the same parts directj. oa against 
relatively crossed or with reversed wires w^hen reverse. When the 
primarx" and secondary windings are connected in scries* their 
total impedance is greater w^hen connected rexerse than w'hen 
connected direct, by the amount 

• BibltctgrBpliy lO. 
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Conclusions. 

The aogle of a Ttet¥i'o^k^ with respect to two pairs of temii- 
nats, may vary- from 0, when the termifiab are close together 
(a near t and g near A), to infinity^ when they are very remote, 
or starid in conjugate relation + In a aimple drop-wnre circuit, the 
full-range raovemeiit of the contact pobit will cause & to vary 
from 0 to «. 

2. Any transfoTmer may be regarded as possessing an angle S* 
with res[>ect to its primary and secondary terminals. This angle 
differs between the direct and reverse connection by jir radians or 
j2 quadrants. 

Jh The algebraic sign of ii, the mutual inductance of any induc¬ 
tion coil or transformer! is ambiguous. The amtiiguity cannot 
ordinarily be cleared up, and ordinarily does nort need to be, so 
long aa the primary and secondar>" circuitB are sepaiiitedi either 
sign being admissible. \Vlien, however^ the primary and secondary' 
circuits are connected cither conductively, or inductively through 
a second transfarmcr, the ambiguity disappears, and the sign is 
either + or — according as the transformer connection is direct 
or reverse. In an ideal transformer, the + sign involves a value 
of AJ = + JM" lot the staff impedance of the equivalent T in direct 
connection and M = — ijitJ in reverse connection. 

4. Reversing either the priniaiy' or the secondary terminals of a 
transformer, witii respect to the corresponding winding, w ill change 
the connection from direct to reverse, or oppositely. 

5- Either the direct or inverse equivalent T will represent the 
electrical behavior of a transformer with separated primaiy and 
secondaiy circuits. Only one of them, corresponding to the actual 
mtemal connections, can, however, properly apply, when the 
primary and secondary circuits are brought into connection. 

d. The direct or reverse connection of a iranfiformer or trans¬ 
formers, embedded In a conducting network:, may not be made 
evident by tests at tw-o pairs of terminals on the network, but in 
order to replace a transiformcr tn the network by the proper equiv¬ 
alent 7", its connecTions must he ascertained, as to w-hether they 
are direct or reverse, 

7. Ab a matter oi terminology, the validit>' of the terms "direct ” 
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and “reverse.” as above suggested and defined, is debatablej but 
some such distinguishing terms «fX>uld be useful. 

List of Symbols Employed. 

D = Rf — Ri, difference in impedances due to shorting at opposite 
ends (ohms z ). 

A » C, — Cj, difference in admittarices due to shorting at opposite 
cuds (mhos /). 

/, frequeiiETy of sinusoidal current In a circuit (cv'ctes per second). 
G.r, <7.,. admittance of a network at a terminals when freed and 
shorted at 6 respectively (mhos 
g, admittance of the staff leak in an equivalent T (mhos z). 
g,, ft, admittances of the pillar leaks in an equivalent n (mhos Z)~ 
6, angle of a transformer or of a network with respect to two pairs 
of terminals (hyperbolic radians or hyps. z). 
e', angle of a load at the receiving end of a network (hyps. z). 

/, value of a sinusoidal ahemating current (amperes). 

j = —.!t= , coupling coefficient of a transformer (numeric). 

Vi,I, 

ii, Li, inductances of the two windings of a transformer (henries). 
^/ = ± mutual impedance of a transformer (ohms z)- 

= ± kVZjtr, mutual Inductance of two tronirformer windings 
(henries)* 

n, the ratio of secondary to primary impedance in a simple drop- 
wire system (numeric Z )■ 

», arcl^itrave admittance of a If (mhos Z }- 

ri, type of equivalent circuit having one impedance in series and 
two terminal leaks. 

IT - 3.141S9. . . 

Q = 4 ^ ^ a factor in assigning the elements of an equivn- 

anh 0 

lent r or n (numeric z)- 
ioosh ff — I 

Q = 1__ , a factor in assigning the dements of an eqniva- 

sinh 0 

lent r or n (numeric z3- 
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q = inequality factor of a network or of its equi^^cnt T 

Or n (numEric /), 

impedance of the stafT.leak in an equivalent T (ohmsi z )~ 
f, impedance of a network measured from the a, g termmals \n ith 
the &, h tenumala free (ohms Z)-^ 
iJae, impedance of a network measured from the n; g terminals with 
the bj h terminals shorted {ohms z)^ 

J!«, impedance of a network measured from the n, ^ terminals w'ith 
the b, h terminals connected through an impedance of 
<T ohms* 

Pt architrave impedance of an equivalent H (ohms z). 

Pii pit impedances of the arms or line branches of an equivalent T 
(ohms z)- 

Wr a terminal load impedance at the recGi\'iug-eiid terminals 
(ohma z)^ 

geomean surge admittance of a network or of its 
equivalent 7" or E (nilios z)* 

Zii,, receiving-end impedance of a network at h terminals (ohms Z)- 
Zi, hnpEdances of the two windings of a transformer (ohms z)* 
s*, surg e impeda nce of a sjTnmetrical network (ohms Z )- 

- surge impedance of a netw'ork from theuT g temiinals 

fohms z)h 

= ^Rbg-Rb/j surge impedance of a network from tlie b, h terminals 
(ohms z). 

Eafc = geomean surge impedance of a network or of its 

equivalent T or fl (ohms z). 

w = 2v/i angular velocity' impressed on a network or tnoisformer 
(radians/secondj. 
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THE DAXJSH DL\LECT OF BORNHOLM. 

Bv JOHX DVNELEV PRIXCE. 

lR£^d Iry iiHt Aptrii fQS4.) 

Introduction. 

The tslaud of Bninholm lies in the Baltic Sea, 115 miles east of 
Copenha^Gn, al^ont 22 milts south of the Swedish mast, and 50 
msles north of the l^nnaii island of Riigen. The tota.i area of the 
li^land, which also includes the little group of isles knoisTi as Chris¬ 
tian so, Is 225 squaie miles, with a population of over 45,000. 
Bom holm (ON.^ Bvr^undarhaimur) was the habitat tn prehistoric 
timej^ of an early Nordic race and there are still a number of stone 
circles, many ikxulled * and csther primitive remains 

on the Island^ especially in the neighborhood of Altnindingen and 
Gudhjem. Tlie popiilaiJon developed later into predaiorv' \lkings, 
Tvho were long notorious for their marauding proclivities- In the 
twelfth centur>\ Bornholm became a fief of the j\rchbishop of Lund, 
under which s^ay the island remained until 1510, when it was 
seiificd by the Hanseatic League, but was captured by the Dunes in 
1522, and returned by them to the City of Liiheck in 1526. The 
Swedes look the island in 1625, and their domination was assented To 
by Denmark in 16SB by the Peace of Roskilde. 7*he Born hoi mers, 
however^ desired to be Danish and ihemstrlves e.vpelled the Swedish 
garrison in 1660, since which date Bomholm has been an integral 
part of Denmark. The curious round churches built in lower-shape 
and completely circulart with walls often six feet thicks form one of 
the most interesting features of the island. These buildings, which 
date from the twelfth and thirteenth cenLuries, were undoubtedly 
used at an early date for purposes of defence. 

The Bomholmers have always had their distinct speech, tn hich, 
although popularly regarded by the other Danes as a Swedish 
dialect^ IS really the modem representative of the old East Danish 

^OUI Nofflet lctl, -AfJ^nOir, a t^-rm which in o, modiEcd 

form* was imetl until quit« reoeotly In D^nishr 

^ baiiiarsitinar mcroDi'i^] SfQIIO#. 
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linguistic gmup to which south Scandiiin, now' in .Sw'eden, also 
belongs. Bornholmsk shows only a superficial resemblance to true 
Swedish. 

The distinctively Danish dialects may be classified as follows: 

(1) West Danish, comprising the se^’firal idioms of Jutland, whose 
chief peculiarity is the complete rejection of the ON. ending -u: 

(2) Island Danish, comprising the dialects of Fyen-Langelaiid; 
north and south Sjaelland, including the city idiom of Copenhagen, 
a refined form of which has become the standard Danish (Rigs- 
sprog). and the almost uniform speech of Lolland-Kalster, all which 
variants substitute -e for the ON. -a: (3) East Danish: Bomhnlinsk 
and southern ScandLm (jftdiwA') in Sweden, shading towards the 
north into real Swedish; both groups retain the ON. ’ii, in distinctum 
from the other di^dsions. 

SimiLuly to the linguistic raovemenl on the Faeroes, there exists 
a les.' organized action on Bomhcilm to lay stress on the local dialect 
which they call a "language,” because it is unintelligible to other 
Danes, and many purists on tiie island strongly resent the constantly 
increasing introduction of Elanisnrs from the standard tongue. 
They ate etjually annoyed at the statement that Bornholmsk is a 
Swedish patois, pointing out that so difTerent is their language 
from Sw'edisli that, when Swedes come to settle on Bornholm, they 
never leam to speak the dialect correctly- This is perfectly true, 
as no real Swede can pronounce the palatalized consonants whidi 
distinguish Bornholmsk (see below) from most other Germanic 
idioms. The Frisian of Sylt is distinctly palatal and the ordinary' 
soft 1 of modem Icel. is practically a palatal lingual. The B- A 
(palatal gn) U, howei-'er, rare in Germanic dialects, appearing how¬ 
ever in certain other Danish variants, as in Jutland and Fyen. 

There are, so far as I know, no societies devoted to the pres- 
ervatioit of Bomhoimsfc, for which reason the dialect will in the 
course of time be crowded out by the Standard Danish of the 
guvemnient schools, a process w'hich has already begun in the 
towns, particularly in Riinne. the capital of the Island. The most 
tjzrilcing popular defence of the local idiom is that of F, Mollcr* a. 
Landscape gardener, who in hts " Bornholm Language” * laments the 
*/>rt Porakolmikt sprog af P. Myjlter, HttKMntltett 0£ LamlikabigaTlnert 
tUjfuie, 191S. 
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decay of the old words and forms and inveighs againfrt ilie ""snob¬ 
bish'' desire of the younger people to assimilate their beautiful 
speech to the harsh and monotonous phonetics of Copenhagen. 
MoUcr*s description of the dialect is, however, aoL sdentlfic and, 
therefore, not so valuable for the purpose of record as the highly 
accurate phonetic treatise of Prof. Vilhelm Thomsen and that of 
Prof. Ludvig F, A. Wlmmer on the Bomholmsic grannteirp both 
included in J. C, S. Espenjen's "Bornholm Dictionar\\" * It 
should be added that Bombolmsk has had two poets of considetable 
merftj viz., Espersen hlttLself and J. P. MGUer (d. I89l) who, aJ- 
though only a baker in Ailingep was a highly gifted and many-sided 
genius. Some of the poems of both these wthers are given in the 
edition of the dictionary in question.* There is also a very' gsxxl 
collection of Bornholm melodies assembled b>" H, Johansen,* which 
gives a large number of characteristic native folksongs, with Tanords 
and music. 

The material for the present sketch, which, so far as known + is 
the first descHptian in English of Bomiioinisk, was obtained during 
a visit to the Island from a number of personal sources, especially 
from natives resident at some distance from the towns. The best 
speaker of the dialect whom I heard was a Mra_ Jespersen^ the 
custodian of one of the most ancient of the round churches* who 
W'as able to speak both Danish and Bom hoi msk without confusion. 
This material has been amplified and confirmed by the above 
mentioned works. 

Phonetics.^ 

The Eornholmsk phonetics are rather complicated and the 
difficulty of recording the dialect is greatly magnified by the 
accepted method of writing, w^hich, In at least one important respect, 
is inaccumte, as the combination -jn is used throughout for two 

^ J, S. EapefBen, Ordi^g, med Indkdnini flg TiUaegf af 

dft Damkt 190^. 

■ ^ Ordbogf pp. 150-169. 

• Fuer 1 Mundaft, mmietk uf H. Johansen, R-dimtj 1911,, 

^ Thc loUoiriiig' abUccviatiozis have H3edi B. — Bqmholinsk; conj, 

= iron junction; D. = Danjat; dcf. = definite; Eng. ^ English; Genn. = Gcr- 
luan; Icel, ■■ modem k^landk; indef. = li3de^D.iEe; n. = note; OD. = tild 
Danbb; ON, = Old Nurec; pi. = pluial; ag, «* einguJur; Sw+ ^ Swedish i 
Wlminrr = article in Introduction, to E£pt^rBG^^a ChidAoj (n, 4). 
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diflcrent sounds^ iitz., for fig iui iti iVugiug fliid for th& palatul gw 
a«^ In French sigHP (“ H)* Xhe Bystein dates fitjin Esptrseti B 
mnnuscript prepared in the early half of the nineteenth century, 
but corrected to a certain extent, as indicated, abote, by Preif. 
Thomsen, k should be noted, however, that some of the modem 

In the dialect now' distin^nish bcTw^een the soft Bg-sound 
and the palatal n, usinK fJ£ for the former and Jtt only for the latter 
vocable. 

The rules for the pronunciation of Bomholmsk may be tabulated 
as fnllow's: a, flat, as in hat; o or d. as aft; aa = D. long oa, Hire 
Eng. o in lout; ft, as in &ng.| never soft as medial or final, as in 
D.; d = hard d as initial, but nearly as dft (= th in /ft*s) as medial 
Or hnalt except that media! dd is alw'ays pronounced hard and with 
emphasis (final d is sometimes omitted, as in iritd 'what,' but it is 
usually omitted in writing in such cases); e = e in met; e — ee la 
Germ. Seek; f as in Eng., often omitted in pronunciatian as a 
medial, as aette = efler = 'after'—ufti = ofla ‘often, etc,: g, as 
Eng. hard g; g/or J is the palatalized j, an approximation between 
dy and soft Eng. j; ft. as in Eng.; i = short i in pin; i = re in 
fal; j = Eng. consoiuintal y, when B. j is used consonantally 
(but see just below): jd = d' = palatalized d {d’); ji ^ I* = pal¬ 
atalized 1. as Span. //; jn = s, as in French rijpir, but hi some 
tests — ng as in singing, (see above); t as in Eng.; kj = palatal¬ 
ized cA as Pol. c: f, almost like the American t in well (not so hard 
as the Eng. pitmunciation); nr and w as in Eng.; o = obscure Sw. 
u. almost oe in gaad; 5 = Eng. oh; p. as in Eng.; f, always trilled 
on the lip of the tongue (never gutturalized as in D.); s, as initial 
= 5 in sod-as medial or final - Eng. s in rose (= s) and U usually 
indicated by s in such cases; sj = f, a palatalized sA like Polish f 
and often a trifle raugher, like an obscure Eng. sk; skj and 
viz., s with palatal £; t, as in Eng.; t' = i: u = no m saot; ii = Sw. 
long u. like the Magyar ii (not Germ. »(): v. hard and tiever slurred 
as in D.; n- occurs chiefly in tJic combination aw - ou in ftsNJfc, 
sometimes written ow (or oa); J (always a vowel) = D, y or 
Magyar u; A = Eng. a in tnofial {aa is used for the long vowel); 
dj, diphthong of A and short i; ae, when short, almost - o in hat; 

Eng.o infflrr; £n:jdiphthongofaf and shorti; artif,diphthong 
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cf nc and short u\ a = i In bird ajid sometimes short Germ. 
aa in D* kbd ^meat/ 


Lvtoxatiox avd Acce^it. 

Bomholnisk lias no glottal ratch, so frequent in standard DaiiLsh 
and JutlLsh, but, like the Danish dialects of Lollajid-FaJster and 
Fyen-Langeland, uses the glided vowel exclusively. Unlike Sw.* 
B. has no distinct musical tones, although lliere exists in B. a 
recognized rather monotonous musical intonation, which causes the 
Copenhageners to assert that the Bomholmers ''sing.^’ This in- 
tonatiun is more agreeable than the '*sobbing*’ cadence used by 
the xtjigar Copenhageners. There is, therefore^ in B. no tonal 
differentiation in meaning,, as, for in Sw. benveen axel "a.Kle' 
and axtl "shoulder/ pronounced respectively (tw'o tones) and 
dxel (one tone). The w^ord is dwsel m B. for both senses^ which 
must be deLermiiied by context* VVirntner points out (pp. 66-67) 
that the strcs^acccnt in B. differs veir\' slightly from that of the 
standard D., and that, when h does differ* the stress resembles 
Sw% t>r else is entirely distinct, as in nouns ending In -i such as 
eskerii where the accent may rest on the first or the last syllable 
indifferently; thus,/cjJtcH means "fishery^" in generab hut JiskeH 
— "fishing.’ 

It is douLlful w^hether Bomholmers will e^'er learn to pronounce 
D. after the standard fashion, aa e\"en the young rhildneii find the 
glottal catch an impossibility'. Danish spoken witliout this un- 
pleasing permliarity always indicates an ^^out&ider^^; viz., either a 
foreigner Or a rural person* 

It should be noted thatn when consonants are doubled In B., 
they must be dw'ett upon in the aamc manner as in Italian, a 
phenometiun unknown in Danish, but usual in Sw'edish. 

The following extracts, the first in the accepted spelling with 
the literal Danish and Sw'edish equiA'aknt text, the second in the 
accepted spelling W'ith Wimmer's phonetic version and Danish 
translation, and the third in phonetic rendering an heard by me 
with Danish equivalent^ will sert'c to illustrate the dialect. 
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B^rrijwkdlmamA^ rfjcr nu i mdn^ Aar ftd {I) ar&flji3ei fecu fu d foa {1} cMrra 
Bornholmaiu, der nu t mange Aat tmr arhevki hen Jif asfaa deres 

&(frnhaimiirnfl, Je»f HU I tudir^ dr Jkl O/ixioi ail siU 

Sfiraag IfchJfiiff, Aid, famdan di /Arm (3) haer i Bmgen amlalde 

Sprog mi paa Modettf har, fnrudm dt faa her i Ro^cn emiiiiie 
iprdk soli moiei, ha, f^uinm de /d kdr i boken omlalu 

Araarfam^i, doj Idd (4) daejn sdm^ Frarnim^smmdan le Ja^tp, tdrjefmm d {5) 
Maademr, agsua idgil dm simpk Fremgangsmaade tU Bj^p, tis^frem a^ 
metadeTt del tnhla ttlhagdgdmdt; Hi! hjdipi rml m? al 

kais^ ht Xfaejnde Or^ itm ha i^nis dam d varro far b^rrijnMJmska, 
kasnere sn Maengd^i mm synki dsm al aaef t far barnhdm^ket 
kasirra m Har d^ ard^ mm lynkj dem ali tnird /dr bamkalrnska^ 

aejfi sam, me dnra {6} k& ^ (41 dam far mAjed farsjdka fraa dl damke. 
tlkr JAM f med undre Ord, kar vaerei dam altforfwshamge fia de <£4njkr. 
ellef jam, med andm ard, ha vani dam altfdr ikUda /rdn ds cCaHjAnE. 

Nu Mr tdar/ SpmagjM * &jl ^rne Fid vHd rf rEeji (7) Spraat^ sA pi kajna £3) 
lYu kar iH3r^ Sprag jo fra Arildj Tid aaerei cf rigl Sprog, ?aa oJ ti Aan 
Nu kar rdri sprAi ju frAn ur&idriga tider tnri/ ifff riki sA aU ri ^nmnjt 

sAjlaf ojmmera ijn JJcuiTtfn Of d (3]! brae! AiF n4?A le Hushehati}. 
tagitns undtsiffa m dsfoj^r Ord ag dtiigave! kare nok iU Hu^rug. 
verkligm undoara mdiifa Qrd aek likm! harm nil k ujfctfcue. 

Meft Jer (lOi ijn itfd nAjara orik £11), blir i> sndfi vAr (0)i a drW 

Mm m man Udi n.Hagiere r/Jn', tliver tmn sxari apmaerkfam paa^ al de ikkr narr 

Men Sir Ute nogarf fficTt biir ffmn mart upmAfk^am de ieka 

altid a dt junit w barMt kajse njunvuriv (1^), di ha kassiri (14), ffljfn a di 
aliM er de Ord iflM vi Affd>l kan undwirrc, de Adr kcsxrd, mm at da 
ailid Sra dr cird fffljfr pi boji Aiinna undi^driZk ^ kasserai, mcti att da 

majed did (11) iT Of sam vi Mjne kd BrBg far d jam ndav knjn aerstatiaj (UJ 
ntigri afle er Ord sam vi Aon feree Bmgjar ag sim neppa kan erslaUej 
tnyckti afta dra ard JffM rt Aunnii AntA fdr ptA ram hnappt AuitRut 

mi!^ EUTBAio dansku Or^ Om £ fUm) id Or jom dorr sM fiera dansta Or ie d 
mrd tnkfke dunjAa Ord. Cfte er del ri Ord sam der shad Ji&e danrke Ord lit at 
fffpd fnA^a danjAii ord. Ofta dr det elt &rd jom def behdresjkra dsimka ard HU ail 

fcrkldra Afar rndn^a d dlam rAa ider efniaa sA gdled hela Saetnijmr to d 
farkiare agfar moNge afdrm jkai der md^g findrs krk Saeimmger Hi al 
Jofktara aek Jar mdnjta m dem jkaia dwn opmonddi keta id^ninj^ f$U oil 

■ Del Bamha!m.skt Sprag, p, 71 (n. 3)* Tbt numEmls n:ftr ta tLe cc^mTntnt^ry 
below. 
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fi^rU&ra. t sA Or ijrt kn.}n Ue hiU knrm^e (15) 

f^ffktcre. DiUff tr JWI fwnr^igt, ai man kis-n Wtase vrld paa 
J6rktara. Deita dr jd fdntrgth^drkandt, att man tan Wt kdt vrid pd dity 

tiiiar lin^njHkjer xaj^ a dtid} t poara LQjfdfnvurjn som^ 

MAT man iaenkir sig^ deter vore tgne LaHihmaend lom —* 
wan tdnker sig, cti dei ant vira fgnfo iraniijTna» ram—i 

ren Forblijneise —Adf rfew Jd rysfappCf^a (T63 {17) JLTrnifktd) e Aw 

mi Far^indtise —ftar bottret dem foa g^nrke ad. Men det er ogsoA 
rm fvTbtindeise —Ao burit eig gaaska gaJet AL A/tJi rfu# dr iicksd 

forarjeliti a di kA kass^t Jddd^A {15) Or^ for, rad am licfjic! Idyn udirjfiycl 
/anirtffrgf, ol de kar kfisreret saadansf Oid, for^ sdv i>m dtise kitit adlfykks 
fdrargdsavdckimde, oiil de itcLueroJ sddand ordy ty Atm am dessa 

j-d kajn di alri kamma te d pasiA i Spmsg^ men til riPdda. 
Betydningen, saa kan de aldrig komma til of parse i tart Sprag, men vU rtdde 
beiyddren, rd lamna de aidrig kamma tiU ail para parsande i isdri men skda 

sidia 

d skdera i ^5m A gj&rra ^aart aejianr jd nueJfa bArrijnhdtmeka ^prmg rtyjgjara^ 
ag kakks Orene eg gw£ varf eUers saa kfnrMwjfeff Sprag gdmmere, 

ack ftofia f^cmen odb gonj annars j4 Aprdk fulare. 


Literal Teaksl.\tion. 

The Bomholmcrs, who now for many years hqA^ worked to get 
their language made fashionablei have, in addition to the few' 
methods mentioned in this book^ also adopted (taken) the simple 
procedtire of rejecting a great many ivords which seemed to them 
to be too Bomholnidk or* in other wonds^ which havie seemed 
(been) to them too different from the Danish (wrords). ^^ow^ our 
language has been from time immemoriat a rich language, so that 
we really can do without a lot of words and at the same time have 
enough left over for household use. But If one examines the case 
a little more closely (exactly), one w^ili at once (soon) be aware 
that it is not by any means alw'ays those words w'hich we can best 
dispense WTth that they have rejected, but that these arc ver>" 
often words which we could have use for and which scarcely can 
be replaced by single Danish words- Often it is a w ord which it 
takes several Danish words to explain and* for many of theiriT 
even whole sentences must be used to explain (them). Thja is so 
annoy I ng ihat one can get very angry at it, when one considers that 
it is our own countiynnen who, in sheer blindness, have behaved 
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[themseK-^) ^so stupidJy- Bm it is aJso annoying that they have 
rejected such u-ordfi, because (— for), even if these the new 
W'ords chosen) can express thesense^ they can never come to be 


suitable in our language, but will 
ears and make our otherwise so 
(much) more ugly* 

11 

God tidrm Elma Godsfrudl 

GdKsd eveiiiitg, little Elrui, C;kMJ's peace E 
God min d^m rojal 

GcckI e%eiiij3g my beautiful tokE 
ad fcajn Pi!l fma, ji vidd^ 

Tliat the old man will court you 1 know^ 
Men toiuimjn mtu jo £emi. 

But if yea tcjolc tiling you muld be a 
rootith lass. 

Tc deih iotkar wU jnumru^ Dul 
To funeral ab it h draifiiig near (for 
him), do you sec? 

Eli ^Auu—efodA 61*" nakjer iijUo, 

A wife^t 13 luiicli ton late (for that), 
Menjd jgdr d stjdmat pd piMan<i ffd, 

Biit [ am gDiog to peep at the girK^ nuwi 

Ffl^r ^ ^ ^ u4 uii vijSa^ 

For 1 am almost ready (to luarryL 
Hwi, tidm E/naS ITvad min deilia ro%aJ 
WTiat^ little ElitaE \Miat my beautiful 
roaeE 


shock and irritate (= cut) (ottr) 
agreeable Bomholmsk language 


Go dwlan, AiifJiu-p ^ Idhh Jredk! 

God Afteo, lille Ekm, Giida Fred! 

Go dtriaw, min dOjlia F&mt 
Cod Aften mia iSeilige Ro$e! 

,4 f^an And ueU /rdjjo, jd vedk^ 

M Gubben vil vel fii, t-eed jeg, 

IfufR iaatlm^f ntriw (Wj ju 

Men tof Du ham. var Du jo en Tosh?. 

Te 4 frai iakhir vaei lUnittra^ Dul 
Til Gravid lakker det nnk aiaime. Dill 

En kAnna-^' 6/fir uAk {20) fAt lUTa, 
Eo Kone—det bliver nok fs>r alde^ 
Maenjd sdr A sioemar (21) ^ ^l/amx wu, 
hl to jeg gaar og kiggex pan Pigeme nu, 

FArjd e pAnA nv jd ei/7'if. 

For uu er jeg lUKsten i 5taod ElerLif. 
Pdp /tdAffl ndfliha/ Fn. mfit dAjtta rAjsal 
HvAd lille Elnal Hvad min dedigo 
Rose! 


nu 

Colloquial Phrase.^, 

J5? Acer vd jfl Adr if ddjj praesUA vd haeruda deid] udd (22) foMnum. 

S$ her hptvd jeg Mr Hi Dig; Fresten vdf kcrMe fik del fra kam. 

S« Kcre what I have for you; the priest vras out there jiud I gut It from him. 

Moa jkiuiff (21) f/aa U dwr^ai* maen Hot td jA sAfjer dEj; kom tn^H ijen ts 
baeiliLna (24] p 

jfdci jeg ikke fid* Hi Kirken? Ja, mm hor At^a4^ jff stgtf Di£7 Mm rnarJ Hi 

Bdment. 

May f uot go to churuh now? Ycfi, but listen to what 1 tell you: <™ie back won 
to the children. 

" J5m N. 9, 

® EunrWmrA (hdkog, tSO (n* 4)4 


m 
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Ht>n JL££ id Mtd si4 d Joi4e mfn (15) JTarf f^-na (26) mi jij. 

If uj( atndfedt fin ^ePfing vg fulj^c mnf fiam kj^m, Han fdrde ktnde med lig. 

Sht changed her mind ^.nd ia’c^tic home with hEm. He took her with him- 

idiHi idrfa iM flii, VYri/md t^rjiuvur^ 

RaMrnt tabe derrs Bkdt nu. VirUmn ksmnur^ 

The ft>ses are losing their poE^s nenjt'. Winter is eaming. 

Unn kdr iri lidiit k^rra (27) A m pihh (2S)« Uan hdr fri 
Han kar feu tUk Dfvng flg io Fig^r^ Hom fcnr Ire Bopti^ 

He Irajt one little boy and two Little girla. He tiuee chlMren.. 

H^rnn JitJ pryl (2^*) d boMn kan m^ie paa vaen^ 

Drtngfn jik Prygl fra BernUiK s&m kun modt£ paa 

The boy gat a beating (a cudgel) from the peasant whom he met on the rood- 

D£(d) vd Uie {iaAff) apWt A idfra-y 
Dit Wtf ikkt TtJdjyindigl at gSf€. 

It waa not neccs^ry to do that. 

Kpm A5?r^ gofl Fciirt^, d i^tijarr rif*^ 

JpBr, jfffAc Ffwaiff, Og dnk Ndgft (iuf Jeren Rsu ^ 'sri drsmk'y 
CoiTi^ here, good friends, and hn^'E a drink (wTth ua)! 

Had ia^tiE d icfla saj i £vc ad d frajja d saa trwte Aun tn pdij^ (30) 
u^ibndid (11) mdjed. 

Ilan /nenlte paa at gifte sig ag soa gik kan nd frit ag fmf tn FigE d^r elsk^dE Anm 
nv^^eif. 

He thought qf getting married and m he went out and inet a girt who tovTsd him 
vt^ymuch. 

£ daervann (12) ndi Hian (IJ)? Ja, wtiwi d^{d) jwm efaw^e (34)/cw, De(cf) ikd 
hestatia hd. 

Er der Faiwi i Ja, tmn iet ntaa Dm ikkcfaa. DeI iLal IlEMinE ha^t. 

jfl there ^nater in the pail? YeSp but you can't haw that. Hie horacs muat 
haw it. 

Lokk dorw ifp d /an (15) £ija ud. 

Lukk Ddmn op og !ad Adm ^cts ud. 

Open the door and let him go out. 

* 

t *dr e pifdan. nu? Hon fanti Aflmd d £m^ (2S) jemm. 

Hvor er Pigebarml nu'f Hun fatfdi Dreng/en og iroA ftj™ med ham, 

WTiere ia the little girl now? She found the bay and went home with him. 

Had spore ladj iJfei Jd il jorr »d MmuMJau* Jdag- maen da' kad jtmle £drFa fdrr 
ja kar f^rgait alYi 

Han spitrgdt wrg, om jrg n7 cn biirnhotmsk ^ng (56)i nwa (fef Aan jeg ikke 

gkrc, for Jtg kar glemi det Mele. 

He asked me to give you a BornHolm song, but I cantiot, for [ ha\e forgoiteq 
everything. 
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CoiUilLNrARt tWH TE-KTS, 

(1) iirftajtiiJ 'workMl*; aho wrirtca and arblud. 

(?) Jd/T-fl ' thidr': li»d ift aa in D. aa Ltie 3 p. poswaaK-ff reScaavEt wbkll 
in Sw, is always jsn [m. and L>, jili (n-}^ pL tiW, used for barh sg. and pL 

(3) /ipTci ^few": note -fr- and the redimdojat pt. -a {cL Icei /di>>. 

(4) !S4f coaLractioTk for tagged ‘takencf. fdd lor ‘been' (othcT ciittiptia 
bekmi, 

A = cninj. ^andf* thp pnsp, af ^ul" (as in tfdjl, n. 3J} and aIbo the ftiAn. 
pLTtitEe 0/. 

{&) difra,, ol diifiit "ptber* (D^ pl^ flwdff)- Note the disann pf d, prurLOunced 
m buth D. and S^. 

(?) The jt is completely -elided Irom the mispnal kt = -k^ plna neuter 
roikt (D. and the anbfiequent palataliKitiun of the I to iS (n. 9). 

(8) fcyiir = kfyi€; pres- pL Jtewaw^ as Sw. frusnn^, but ItHsi iu D- = kan Far 
both numticrs. 

(9) jajlar = = D> "teaUy'j nptc clisicin -of s (origirml cO 

and palataliitatkHi of f to and lotaS ihsappenranDe of -n u. 7). 

(10) ijn = id * D. cen 'one/ u«ed In B. for the D. and Gifrni. intkL eLdn 
(Fr. fl»). The indel. man is ncv-cr tised in true B, 

Cll) neJ^ = D, ff^ ^aftcr^ and! ON. Here there is no palatnluAtion as 

in un. I and &. Note also B, afu = D. afte, with campensauve lon^ o for loss of -f-^ 

(12) I'df ‘aware* ^ D_ and Norse var (nor in use in roltoquJal DJ * GcntL 

fflPilfrF. 

(13) (P/TOCwrp ‘‘dtsponae witb^^ ft IhiJliem: vndcOrrC in D. tS a GermaiuBin like 
ffndi^rq in Sw. •“ Germ, entb^kftn. It should rraJly be nndpiirra in as the 
verb 'to be^,^ on w'hpsc aniikjg>’ the word is made, rorm. Note al^ B+ aerjlttfloj 
•• noJaJfff, aba a CicntianiHiti, Ifoni ffjiQJficn+ 

(I4J inja^l ‘n=|c 3 ctcd*t ob&erve the aliscntc of the s-owd (u) before the 
partieiptal I ^atjcrc^^ Sw. Jfeojirrat). 

(15) kamijc “angpry^ of. Sw, karffuert and D^ ffarmt ^indli^natipn* 

(fb) ry^iafipma SjuUd ^exceedinisly stupidlyii*d in B. otily with ffuJcdi 
OD. rjjipifcw ^ very angry' (ryjifeffFnicanii ^ ntatJ" in BJ. Tt^ppena = Dalicarliaii 
iuppnndc (Fapcreoi^ 2T9) *onc who b eatcessive," probably cerate with Cmn. 
tifhrn 'nige^ (thus Espersen). 

(17) £i 2 /«f ^srtuped * = Sw. 

(18) iOddtmc "such/ pi Note A for D. shart ca, pron. lifcc short Eng. ow; 
D. saadunti but 5w% rJdan, with long d. 

( 19 ) laujluiik 'tookst thou hitn^ = HF thou didst take him' - OD. /agjl £?« 
koHt. 

(20) n^k "enough/ pran. afmcjst Hke Hbort mk^ as in P,t cf- Sw. h^, 

(21) sioimar Varc"; togn. writh En^. ilarr more than with D. jlim. The 
expreaslon pJini * D+ nacjMirN "almost" h purely B., and now alini:>st obsolete* 
P4n4 is probably a traniliidon of Cjertri. Irftfto-he (cF- Frisian AtnaFi 

(22) uiiA karinomm: Sit, "nut of him" (aee n. 5) = D, udof in the same BCIIW 
(cf. New York slang l aff'n ftipia ‘ fitnal llim"}. 

(13) /ankr ** ja tnU ' I not/ 

(24) iwte/fs ‘children/ Thb item b probabJy not fioff "bellows/ Fmtn the 
pot benica uf HtnaU chlldnm^ but the same aa in iBOUth Germ. N&ff, dim. of 
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It is Sctn. nl90 in Scotch hiUy 'boy, tad/ li ta pmba.bl& that the Amcr^ 
flHcjj BiUf used in address Tor Any name at ah, contBins the rot^lten sense fray. 
The sg. in B. ia baeU mth the tnASC. art tele ^ the chiltL' 

(Za) ■■ mniifi 'with him*; D. =» me-rf Aflffl. 

(2d> /iFre-mi ^ far^ ftaifrlr ^h&took her/ 

(17) ftfljTct 'boy*; a difficult word ^md purely thought by Bom* to be 
cti[gn. nith kerre in Smd.l^nd 9 k aUhErre 'cacik-boy' CEsperaen^ U4), but thia Aemc 
ifi probably a variant of Sw. kerde^ seed in fdrhcrde shepherd ; D* Hyrdt; Germ. 
Siri and scarcely connected with Bl Note that the form Adri ^boy ^ la used in 
North Sjaelland and uIbd in Jutland for in, pm opprobrious sense. With thiB 
latt^ use, cf. Sqotcli han'kie ' clumsy lad/ These latter fortta may be dirninutives 
qF thoan^^nil stem of B. kerr^t. 

(2S) piMiif pL of pihel ^aniall gtrl/ undoubtedly a combinatnon of ^'{£o) 
'jfirr and baell 'child' and exactly cqui'^ialeot to D. PigEham "little girL* A 
gitiwn girl in B, Is pnj/a (see n. dO). 

125} pryi Vudjjcl, bcatiug^ = D. Pry^. 

(30) "etowh girl' = D. Pi^^; 5w. 'maid'; in distinction from 

* girl-chiM/ 

(Jl) Mo^'ed him'; D. caUoqiiiah riskede-cn (AuKit)^ 

{32) Mtsn ^watET^ = D. Vand, for ON, DHtif, Sw. vaiten. The form pawn ie 
sttUl used in Srandia for tfatien. 

f33) ^ palli bucket * ; nleo writtEn hjiUi:^ co^. With Eng_ Hi ' tub * and 

probably also with ktiikr Kii La the sense 'outfit* ifl still used in the Atner, 
wirin g phrase: wAak Hi awd hoiNUi {caboodip, a cowboy word from Span, capital 
stock, property). 

(34) dfiKff « du iid& thou not. 

(35) fnri * i5-rri 'let hini'^ = D, iad*en {pma. colloquially la-en « ffld Aam). 

[36J Note the direct oration peculiar to primitive idioina. 

CR.N.MMATICAL SKETCH. 

Afiicle and Noun. 

The grammar of B, is much more complicated than that of 
cither Dnotsh or Swedish, the chief reason being that in B. a dis- 
tinciion made between the masc. and fem. gendera, whereas in 
both Danish and Sw^edish this distinction has long passed away^ 
the two genders having coriipletely coalesced in Danish and also 
m all S^nTdish except tJie most antiquated styde, which, even in 
church wntings, is rapidly going out of n&e» Thus, it is unusual 
to-day to find the masc. g-form of the del- adjective as distinct from 
the fern, and neuter form. All Swedes say and write at the present 
day ffiin kdm "my dear friend" (masc.) instead of the more 
correct older form kdn^ for maac^ while kdra was used for feni. and 
neuter defirtites. A similar blending of the masc. and fern, genders 
has all but taken place in modem Dutch^ where one says ik zie dc 
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muu see the man,* instead of tk d£n HiflWp and thiSi in spite of 
the efforts of the purist schooL who aie striving to retain the older 
form, at least in tiTiting. B. b one of the few livuig Scandinat-ian 
idiomSp not excepting Icelandic and Faeroese^ in which both the 
dehnite and indefinite artides distinguish the masc, from the fem. 
It is Lme that in IceU and Faerocse a distinction b still made in 
writing; viz,, masc. kinn^ fem. hin "the/ birt the pronunciation is 
the Kime for both genders. B. has both an indef^ and del. article 
different for all tliree genders? viz., indef. in mn^ "a man^; en 
kdnna wuman"; ed hus "a house/ a peculiarity paralleled chiefly 
in the Juttish of Vens>'ssel and to some extent on Fyen. In B., 
the dcL article b dcen, dedh for the prefixed fornit w-hich is, 
however, not so common aa the suffixed definite, wffiose forma are 
masc. -Iff; fem* ffi; neut. -d, -erf; pi. -m for masc, and fem., 
and -M, ^en for neuters. It will be ohser%^ that the ma^* Bfg* is 
distinguished by the palatal -n. 

The folia wing paradigm will illiislxate the met hod of using the 
def* suffixes i 


StxjDng Nomss. 

□JTn, Wt^p JOg, frrJ, Pfc ftax* tr^ 


Mssc. 

'the arm' 

'the windmv' 

dd^ "the day' 

PI. 

^rmuKH 

Mt^na 


Fem. 

tdS^ ^the affair" 

'the bridge' 

on 'the Island" 

PI. 

sAsarna 

£r^rMJ 

dnta 

Neut. 

the house* 

'the Lree^ 


PL 






Weak NotiNs, 



(fmQ, biinjiira, kAngt, flga, ^oc^^a,/J/fM (ejhff* oru* aebbia, mja 

Masc. 

'the huur' 

bArrjim^ " the cltiicii' 

" the kiog 


($mana 

bdrrjantti 


Fem. 

^£0^1 'the week' 

laeriun 'the churcli^ 

fdrjlAie^^istn 'the understand' 

PI. 



png' 

Neut. 

Jrad 'the «ar* 

'the mpple' 

rlvjfd 'the kinadtiin * 

PI. 

brm 




There are certain rules indicating variations of the connecting 
vowel between the noun and the def. articles, which need not be 
entered into here* 
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It shoidd be ncricd, howe^^ert that harra or Adira ^boy' makes its 
dcf. kdrrin ^the boy": pL Mrrana *the boy^s," like Mrfjara (see 
above)* Like 3m 'ear/ only the neirt. djja *cy'e" ncfurs, pL djjm 
* the eyes/ but def. sg. djjtd "the ey e/ probably a Danism resembling 
D. met Hhe eye’ (pr. for the earlier B- djj^^ 

It iftill be obseivied that in these fnrms^ as well as In the follow¬ 
ing examples of inflectinu, B. resemblefi modem Sw. more than the 
standard D. This is especially noticeable in the neuters’ cf* Sw. 
3m-l 'the ear/ pi- dnm-en^ in which word there is no distinciion in 
B. betw'een the indef* and def. pL, i-€~, both = dm. The same 
principle applies to the Sw. dpph "apple," pL dppUn, buL def. pL 
dpplena. On the other hand, B. Awe "house/ pL Aws; but def. pL 
bus^tn 'the houses' is exactly like the Sw*: hits, pi. ftns; dcL pi* 
hustn. 


Noun Inflection. 


So far as nouns and adjectives are concerned there is no case 
inflection such as appears in Faeroese or Icelandic, but the sy stem 
of funning the plural (indef.) of nouns should be briefly illiisLratedi 
The resemblance is closest to the Sw*^ although the B. forms 
themselves are not directly derived from but are a normal 
develupment of OD, 

It will be observed from the following examples (#) that the 
strong and tveak masc. gruups incline to the pure a-plujnl, with the 
exception of a fewr !^iStaT^ces^ (6) that the strong and w-egk feminines 
both incline to the -er ( r) -ending, and (c) that the strong neuters 
have generally no pi. ending, while the weak neuters incline in 
or also have no ending* 


Masr. d^pjT'nrm' auunr^'axk 

PJ, diTmi nwiici 


Studng Koirsis. 

\* jwc ^windrow' £cufj:f ^ eucm" 

m&a dd iixtsier 


Ftm. ^affair* drrset "Ehoiiildei*^ 

PI, sdger dtrsStr 


brd ^bridge' 
h Flier 


' Uland 
dir 


Hal Vneetlle* 


Ncut- 
PL kHi 


fw *tree’ 
Iw 


hatred 'diftrict" 
kurredet 
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Weak Nocire. 


Max. 

Ismd ^boiir' 

bdrtjara 'citissep^ 

iAnie 'king ‘ 

PI. 

fliRd 

^rr/ara 


Fettl. 

'wDtk ' 

ilserlts) ^churtli^ 

fdniA(e}l ^' undei^sndiag 

PL 

&ger 


/dwIdWhifF 

Kwt. 

^ro ^ear' 

^applt* 

‘ IdFipdom * 

PI, 

1^ 

aehbh 



The above divisions are casUy imderstocMl, It will be observed 
thiit the class represented by da 'day' (tnaficO does not change for 
the pi. It is a model for such ts-ords as std ON* *si^hrJ 

Only practice can teach the learner when notins ending in a ^npwel 
take the -a in the ph like In the strong fern, norms, the class 

represented by fidl ‘needle' is very snialU tSa^rf bed (f.) belongs 
to it| as does 'meadoWi* The ph of pibel Mittle girl' is pibtiif 
as the second coniponen t element is bmll' ch lid t pi ■ hactiu ■ Of th e 
strong neuterst some neuters of foreign ongm belong to the harrtd- 
class (pL -er), as Msi * beast/ pi. biskn ipsekt, ph insikter, etc. 
Of the weak masculines, the fima^lass represents the old f-mascu- 
lines, as ON. timi 'hour." Many notins belong to the Sga-iaeriA- 
clasa* The weak neuters comprise (o) a ffmall group in -u = the 
On* neuters in -fiS (^3 some neuters in -f = the ON* neuters in f. 
Note that for djja 'eye' = OX* au^a, one of the few B. nouns 
mfiected like &rn, there is an old B, form Im 'eye/ pL wen. Jdria 
^heart^ has pL jaria, A verj^ large class is inaected like aebble 
and rocje. The ending u is seen in riwifi 'window ' (sg* and ph) 
and rami ^ business^ (cf. Icel. PiFstufi)t but B# Aflnnn honey is 
used only in the sg* = OD* hunugh. 

Adjectives- 

The indcL adjective in B., like that in ON. and modem Iceh 
and Faeroese, disting’uishes between all three genders; viz.^ masc* 
goer 'good/ fern, g&f neut. gdti, pi. (all genders) 

fattier ^ poor' faiti P>^ 

vlder ^wide* wd vidt)f pi. 

Tlie rule is that the indef. mus^ end in -er in the mascM the fern* 
has no ending, while the neuter adds -t which frequently modifies 
the preceding syllable^. The indefr pL ends in -n for all genders. 

14 
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No such distinctioD is imde in the dd".. adjectivaJ form followed 
hy the definite noun: 

Masc, ^ "(the) good' pL 

Ftm. 

Nfrut. 

Jafiia * (the) popr" p|, /atlw 

^tlie') wide" vfdc 

The def* sg, of all geuders ends in -a (there is no masc. def. 
as in old Swh), while the pi, ending for all genders is a distinctive 
Bomholmism based on D. -e. def* pi. and Eg. 

Adjecth^es form their comparative by -ora (more often now -*re, 
following D.) and the superlative by -ast, def* -esta. Thus bruncr 
‘browTi;* brunara, bnlnast: but def,. bruTfe^k^; p], brunE^t^. The 
same irregularities appear as in the other Scandinavia idioms; 
idn^er" long' — luengrE-^aenst* g3ef ^good'— i^re—bae^i, etc. The 
superlative has no diflrerentiation for gender and number in the 
indef.i but has both, as just shownt for the definite. 


Numerals, 

The numerals up to ten cardinals and ordinals are as follows: 


Maac. 

Fern, Keut, 

DiiEiiah 


JNinlBh 


en ed 

*Bp "one* 

JArsia ifiUia} 

/milt) 

ii> 


iis *two^ 

dHDd [pi, nndra} 

andeit (pL 

in 


"thnep" 

iFtd^ 

imlje 

firW 


/« ‘four^ 

fjoert 

Jiffrds 

fam 


fem * fiiT!' 

/ctewte 

femk 

jajj 

'bib " 

fikt 

iuElf 


iu 

*aivrti* 

jyv 

iuetr^ 

syvend^ 


"eight" 

iitie 



ni 

"mn^" 

Hi 

ttitnt 

nimde 

it 

'ten* 

H 


HvHde 


It should be observed that the numerals *fifty' to ^ninety/ 
incl,, are not formed as in Sw% and Norse sek^ii, etc-p but as 
in D,p by the addition of hall- and the suffix sensSwt: viz,, hall- 
Irasms^ive ^flftyp' D, hahirEdHndstype^ etc. This method of reckon~ 
ing is peculiarly Danish, and resembles the Celtic sj^stem, stni used 
in Welsh, and appearing in French, 
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raONOL'SfS, 





B, 


D, 

Sw. 



D. 

Saw* 


4" 



han 


Aok 

Aati 

m&j 



N11JC 

kfiftndm 

Vhim' 

kam 




C^ir. maj) 

(pr. mej) 

kan 

-Bhe‘ 

hun 


pf, ri 

“wc' 

ti 

vi 

hixni 


hatdt 


vAj 



osi 






S'OU'' 

1 

i 

di 

'they' 

dt 

diS 

jQfrrjarr [acc,) 

jir 

Eiief {flr) 


‘tbem^ 

darm 



Tlic possesdivcs ■irt: respectively jbIm, witNj tnti ny i pi* ttttna, 
diti. din, del; pi. dina; refi. sU, sin, set; pi. sina, declined like 
indef. adjecth’es; hans ‘his'; AocncJ ‘her’ indecL; fdr (piIt'cs and 
rare, pdreio}, neut. v&rt; pi. udra; jaer, neut. jaeri ‘your’; pi. jaeru, 
declined like adjectives and dArre 'thdr/ indecl. The relatives 
are simply the indeclinable rfoei' (nom. only) and jAhi who, which, 
what.' The interr. is wJlrfrtR, wifeAm, vekked; pi. vfkkene, a pronomi¬ 
nal indef. adjective. 

Vl-ttHS. 

The B, verb, like that of the other Scandmavian dialects, has _ 
only two pure tenses; viz., the present and preterite, making the 
future and past definite by means of auxillitries. B-, unlike D., 
distinguishes between the sg. and pi. of the pres, tense by omitting 
the -r of tlie sg. and in most instances by using -o in the pi. in the 
pret.i as in Sw., B. sometimes has a distinctive pi. form, which, as 
in colloquial Sw., is dying out in ordinaiTr* usage. 

The following e-vamples of lioth strong and weak verbs will 
suffice to bhoW" the formation; <1 fijna ‘to bind’; jd btner 1 bind ; 
ifl bifid 'wc bind"; jd bSnt ‘1 bound, pi boue "n'C bound ; Jd /wr 
boned ‘ 1 have bound* ^ D. af binde, jeg binder, vt binder, jeg band!, 
vi bandt; jeg bar bundet; Sw. alt hinda, jag biftder, Pt binda; jag 
band, ti bundvm; jag har bundit. Ablaut is as common in B. as in 
its sister Idioms: thus, ict ‘gives': gu ‘gave.’ but ied ‘given’; 
jar ’drives’; jor ‘drove’; jSred 'driven,' etc. The verb ‘to go’ 
requires special mention; 4 gd ‘to go'; jd gtlr, pi gd; jd iiH, t'i 
gee*; ja e gM. In Gudhjem, ihia verb still has the half weak 
fomigdiiwa; gidriar, gdnda; gdtifuida; gdngtd. 

The weak verbs form the pret. by -de, -1 and the past parte, by 
masc. -der; fem. -d, neut, -I, which neuter form is used with the 
auxiliaiy ba ‘have* to form the pure past definite. Thus, J ria 
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'to ride'; ja rur, rwi; ji, p? Crode^); ja kar ri/; d tuella 'to 
county ja tadler^ ul iad!a; jd^ vl latde^jd Mr tdU[ Av^Ia 'to reat'j 
jd pj/cr, f?f vfla ; jdf til vUada ; ja fidr vllad. 

The aiixilLuies are ito7mci *to be ablc^; jd kan "f can7; pf 
*we can*^; jd, vt kov/ie could*; jd hdr koAnad-, jd skd ' I ahalK; 
skolT^ “should*; past pane, Ptf/'/'n *tD wiW; jd vet^ pL pi 

vetta; jd, vl ttiTa 'would'; jd Mr vdlad 'I have wished," The 
verb *to have ' is d hdua, jd hdr, ff kd, jd, pl Mdr.jd hdr had. 

The middle passive in -s appears, as in D, and Sw., as sa^Uas 
'to be put' and the -s is suffixed to all the tenses, mcLudin^ the past 
parte, sails. The direct use of the ~s has disappeared in D. with 
the past participle, where the -r is suifixed as a rule to the pret. dc 
and the tense construed with the erb iwrf to be* as drt et lykked^i 
but Sw. d^t har lyckats Mt has succeeded/ 

Finally, the following forms should be noted; gak^ iinper. of 
'go*; ^iu 'art thou'; vdstu “wert thou'; fds/n 'sawest thou^; 
ldit*slu ^tookgt thou/ etc. The old gerundive in -s also occurs m B. 
drikktnes = D+ drikkendt ^drinking/ etc. 

Music. 

The Bomholmers have preserved a wealth of folk-songs, many 
of them of reafinJue and excelling those of any part of Denmark in 
beauty, although none of the D. folk-songs arc equal to the Sw. 
in pure meltxly and murical fond. The francs have of late years 
begun to discard their old folk-music for modem European pradne- 
lions and, in their desire not to be "Scandinavian, " are inclined to 
look upon anything es^ntially old Danish as ''\-ulgar" and be¬ 
longing to the "servant" classes. This, howc\'er, is not the case on 
Eomholm, where a genuine pride is fell m tfie old airs* 

The follo^nng Sfiecinien, giving the nielody of the song recorded 
above ^IL)^ is a very' characteristie Bornholm air^ It will be noted 
that the old Scandinavian influence lingers in the musical phrase¬ 
ology, a phenomenon which is apparent in many of the island songs, 
where^ of course, the Scandian influence predominateSt although 
some few of the refrain-songs show German contact. 

Leoatton of ote UNiTHti Staieh of Auehica, 

^ Ftr^f I Bornktilmsk Mmtiart, p, 134 (o, fi). 
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ARE THE VARIOUS ItACES OF MAN POTENTLALLY 

EQUAL? 


By n. K. HALL. 

April JJ, [9^4r} 

In the absence of accurate special nieans for the appraisil of in¬ 
telligence and character, it is permissible to apply the test of history 
to the considcratjon of the achicvenients of a race and from an ex¬ 
amination of its past performances to predict its probable future. 

In order to answer the question which lias been proposed, we may 
restrict our attention to one group of people reladvdy homogeneous 
in physical constitution and apprarance, that is to one race. If we 
6nd that the culture of such a group is likewise homogeneous and if 
study of this culture reveals a certain type of spiritual w^eakness which 
has kept the race backward throughout its hlstoiy, we are of course 
juslifted in saying that this rate is not the equal ol the race or races 
whose ntental vigor has been responsible for the hnilding up of what 
we know' ss civilization. If this kind of inferiority is incurabk and 
so, w^e may infer, congeuitaLp we must of course also deny that tJie 
race in qiieslton is potentially as well as actually the equal of the 
civilized peoples. 

I believe that a study of the culture of the negro and of the his¬ 
tory' of his contacts w'ith white civilization justilics this conclusion 
with r^ard lo him. 

The most instructive of negm institutions for the purposes of our 
problem is that of the kingship or chieftainship in Africa- 

Autocracy is characieristic of negro govemineiu and that in the 
highest degree ivherc government is most highly organized. And on 
all aides in Africa wc find that certain peculiar characters accninpany 
the institution. Either the rtder is a magician or he is in some sense 
divine. 

In the regian of ihe upper Nilc^ among such tribes as the Bari 
and the Latiika, the magicians, whose prinripal function is that 

2G^ 
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of t;im-ntakiiis'p are the chiefs, " Ruin is the one thing which 
matters to the people in those districts, for if it does not come 
down at the right time, this means" that their animals and their 
crops, their only resources, are destroyed. These chiefs+ the rain¬ 
makers, have various WMiys of producing rain. One may have a col¬ 
lection of rain-stones^ such as rock-crystals and smctliysts. These 
he plunges into wa^feTp and taking a cane, beckons with it to the 
clouds, accompanying his gestures with an incantation, Anotlier will 
pour water upon the entrails of a sheep or goat placed in the hollow 
of a stone, and then sprinkle the water towards the sk}'. Among the 
Dinka, the rainmaker chiefs are believed to be animated by the spirits 
of former great rainmakers. Tlie king of the Sliiiluk on the White 
Nile reincarnated die spirit of the semi-divine founder nf tlie dynasty 
who brought the tribe into its preseni territory* Cattle are dedicated 
to tile shrines of the kings and sacrifices are offered there as well as 
at the shrines of their great foremuner. The re^rd, reverence^ or 
worship which the Stulluk pay to their king is due to the fact that 
the spirit wdtich is reincarnated in him is responsible tor the health 
and increase of their cattle and crops- 

In East Africa we find a similar state of afeirs. In U^nda, 
the sympathetic relation that is believed to e;xist between the vital 
forces of nature and those of the king is again shown in the tending 
of certain trees planted near the king^s residence:, "It was believed 
that as they grew and ftourished so the king's life and powers would 
increase." Hut the confidence that the royal or divine power was so 
closely bound up with the foa'es of nature llat iJie latter were con¬ 
trolled by it ts more tlirecitiy seen in Uganda from an institution 
which at intervals temporarily superseded the kingship. There wtis 
a god who lived in Lake Victoria who sometimes took up his abode 
in a priest or priestess. When this incamatiou took place the person 
m w^hom the god was now incarnate became for the time being the 
supreme power in the land, not only in matters of faith and ritual 
hut in questions of lA'ar and politics. He was constdled as an oracle; 
not only could he inflict or cure disease, buL above all, he could with- 
liold rain and cause famine. 

In klombasa the king was able to produce raiu. Further south, 
we hear from a Portuguese hisitorjan of the Zimha or lluzimba who 
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regarded their kiii^ as a. divinity. I£ it niined when he did not wish 
it or if It ivas too hat, he shot arrows at the sky for not obeying him. 
This is no doubt a half understood statetnerLt of the jjowers of a 
royal rainmaker^ on the Opposite coasL the king of Loango hrought 
rain by shoottng an arrow up into the air. 

In South .Afrscap much tlie same conditions are foimd. Sorcerers 
are held in great esteem, especially for their rainmaking pow'ers. If 
they are not always nders, they are held in such regard as to be 
formidable rivttls m die chiefs. Chaka, the famous Zoln tyrant of 
a century ago, declared tliat he was the only magician in his country. 
He would tolerate no rival wlio laid claim to magical power. 

In West Africa, in Lower Gmn^ the fetish nikr Kukulu regu¬ 
lated the winds and storms. In Togoland, a fetish priest who k the 
real ruler of his part of the coimtrv' had charge of the fedsb Bagba. 
This fetish sent or withheld the rain and was lord also of die winds, 
^riie King of LoangOr as we have soenp had a similar power over tlie 
elements. In the parts of West Africa further north, where the 
purer negro as distinguished from the Bantu culture obtains, we find 
sometimes a di vision of power between a fedsh king and a civil king, 
ahhougli the former is reaJly supreme, and here again he controls the 
weather. Where, as in Dahomey or Ashanti or Benin, powerful 
states w^ere formed, the tendenc)^ hag been to unite the fetish and 
dvil powers in a aingle ruler* 

These instances serve to show the wide prevalence in negro 
Africa ot this atdtudc towards chiefs and kings. It indicates 
dearly enought I think, a vffiling subservience of the negroes towards 
their rulers not through any consciousness of political necessity or 
expedient^' but because of an in vole rate tendency in the negro mind 
tn sedc safetj' in dejieiidence on a superior being, to shift the re- 
sponsibilitv- for coping with difficulty and danger to some power or 
authority outside himsdf^ — even m the ordinary crises which arise 
in the daily course of events. It is obviously due to weakness of 
will and inability to persist in tlie moat necessary and usual undertak¬ 
ings without leaning on the support of a superior. 

llie.'ve ruling magicians and divine or semi-divine kings^ wiio arc 
a response to the demand for some extraordinary power to deal 
with the unexpected or the Tnerely difficult or dangerous^ arc 
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themselves often curbed with ah sorts of liraiitatiDiis and surroiitided 
witli taboos- Tlus is evidentl}- due to the saiTie factor in the negro 
dispoatlion. The chief is, after all, at any rate to some extent, of 
the same human nature as his subjects and hence to some degree 
shares in the disabilities which make them a pre>' to the oiprices of 
the n^'Sterious forces of nature. So he must be hedj'cd about with 
rules of behavior which insure the tnaitiEenance of his sympathetic 
relalioti with those Forces. It is simply a case of making assurance 
of safety doubly sure. The reffulatians nut only restrict the chief's 
liberty but SDinetinies even involve his life. So long as the magically 
or divinely controlled relations witli the all-powerful forces is main¬ 
tained. tlie individnal controller is often of secondarj* importance. 
One of the conditions on which a ruler of this kind holds power 
is that he niu-st show- no symptoms of bodily weakness or decay. It 
is the kind of analogy on which the assiimptfans of sympathetic 
magic are based. It the chief’s strength diminishes, if be becomes 
ill or senile, this Ims a similar effect cm the forces with tvhich he Is in 
syiupathettc relarioii or w'hichi embodied in him, control the increase 
of the crops and herds. The Shilltik king spcJten of just now was 
put to death when lie showed signs nf iU health or of failing strength. 
No Dinka rainmaker was allowed to die a natural death of illness or 
old age; he was put to dcatli when his physical powers showed signs 
of flagging, lest the tribe should suffer from disease and famine and 
the herds fail to yield their inenfiaic, .Among the East Central 
African neighbors of the Baganda, the Banyoro, if tlie king fell 
seriously ill or began to fail through old age, he had to commit suicide 
by lakbg poison; if he faltered in tliis duty, his wife must administer 
the dose. On tlie upper Congo the king of Kibanga ivas strangled 
under similar circumstances. Among the Hausa in Northern Nigeria 
an ailing or infirm king was throttled by a special official known as 
tlie killer of the elephant. There is reason to believe that a similar 
custom once eJ<isted among the Zulus. Even a slight bodily blemish, 
such as the baa of a tooth, was a snAFicient pretext for insisting that 
the Kaffir king of Sofala must take poison. That even in Africa the 
custom may be pushed to the point of extinction through its own ab¬ 
surdity is shown by the case of the kingdom of Kabinda at the mouth 
of the Congo. The nile there wa,s that the chief who became its 
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ruler was ahv^ays killed on tbc night after his inductipn into office^ 
For a long time there Iiave been no claimants to the throne of 
Kabinda. 

Yet at Gatri, on the Benue River, a tributary of the Niger, where 
the number of years a king was to reign was settled by the dectors* 
although the candEdale knew dial after a limited time he would be 
made dnink on guinea-cotn beer and then speared, such is the inertia 
of negro custom and such the fatalism which accompanies the tyisicaJ 
negro disposition, that there is no record of the royal stool standing 
vacant. 

Ill aiident times the Ethiopian kings of Me roe were worshipped 
as gods. Yet their lives were at the mercy of the priests, who, when 
it pleased them, used to send a messenger to the king to say that £tn 
oracle of the gods had decreed his death. Ergamenes, a contempo- 
rary of Ptolemy IV, was the first king to disobey this order. When 
the message arrived he took a body of soldiers to the temple and put 
the priests to the sword. Ergamenes had received a Greek educa¬ 
tion which must have endowed him with a small amount of resolution 
necessary for so elementary on eSort at self-presen^tiQiu And his 
example does not seem to have had a lasting effect. In some tnhes 
of Fa^okl^ in the very same region^ down to modem times the Idng 
had to administer justice daily under a certain tree* If from sick¬ 
ness or any other cause he failed to diseliarge tliis duty for three suc¬ 
cessive dayst he was hanged On that tree in a noose which contained 
two razors so arranged that w'hen the noose drawn tight by tfie 
weight of his body the razors cut bis throat. The people of Mefoc 
have from the time of Herodotus been of mixed race, with the negro 
element always growing stronger down to the present time. 

Of Ollier restrictions on the liberty of action of persons of royal 
or chiefly rank in negro Africa it is neccssarj' to mention only a few. 
The fetish king Kiikulu^ of whom we have heard before, lived alone 
in a wood; he must not leave his house; he must not touch a woman; 
he must not e\ en leave his chair; he nm,st sleep in it sitting, becaitse 
if he lay down no wind would blow and navigation would he stopped. 
Among the Evhe-speaking peoples of the Slave Coast, the king, who 
was also the high priest, could leave his house only by night. Only 
his rcpreacntati%*c to the pteople, the so-called “ visihlE king/' together 
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with the three chosen ddcrs^ mi^ht speaL to him and then only when 
seated upon an ox-hidc with their backs ttirned to him. He was not 
allowed to see auv European or to look at the sea. The tings of 
Dahomey and of Loango were subject to the same prohibition with 
regard to the $ca. In Loango as in Uganda, the king must not be 
Seen eating, on pain of death to the beholder* Aa a general rule the 
purpose of these restrict ions, like those which caused great chiefs to 
be put to death, is in some way or other to presence unimpaired the 
powers of Lhe chief which direct or sympathetically aSecl the forces 
of nature which tt is desired to controL 

It Is not claimed, of course, that this kind of institution is peculiar 
to the nc^jTO. The institution of the divine chief with his taboos is 
known also, for example, espedahy in Fiji and Polynesia. Somc- 
thiug not unlike it may even have obtained at one time among our 
own ancestor&. Hut among the people from whom our dvilixatton 
in this country' is duchy descended, ’ivhatever divinity may once Imve 
hedged a king was, as far back as we can trace the institution, coun¬ 
terbalanced by checks and restrictions which had a fjolitical rather 
than a religious bearing. The system had in it the germ which made 
possible the further development of individual and sodal freedom, 
as distinct from a system like that of the negro, which by its very 
nature was a closed one — incapable of furtlier useful development. 
The restrictions binding tlie udgro chief and hb people in their rela¬ 
tions to him could only perpetuate superstition and submission to 
blind forces. It is true that restrictions of a political kind on the 
power of the cliicf were also present. The foreign and domestic 
poUctes of negro states were of ten subject to control by a councihof 
elders. But this only tended to throw pow er inlo the hands of an 
oligarchy who could u.^ the supernatural or luagical qua.lities attrib¬ 
uted to the king and to themselves for the niatnlenance of their own 
power. In other eases this political limitation of the supreme power 
was made futile by the fact that the ruler by magical or divine right 
had absolute power of life and death over all his subjects and could 
also confiscate tlieir properly. 

It has been said that the |x>wer of inhibition involved b the ob¬ 
servance of itinumerable taboos binding not only the chiefs but their 
subjects also is not consistent with feebleness of will and the conse- 
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quent Jack of persLstcnci* in cIFon. Such taboos cominqnly prohihited 
vatfouii kinds of food and al&o on certain occasions any contact with 
women. In vie tv of the well-known uxorionsness of the negro^ it 
is claimed that abstinence of the second kind esecially shows that he 
coidd exert considerable will power. But it has to be remembered 
that such taboos were enforced by what was for the negro a wry 
real terror. Ag between the penalty for the infraction of a taboOK 
ivhtch often death, and a merely lemporary abstinence, there w^as 
noL one wotild think, much dilTiculty of choice. 

The history of the negro in the New World show^s tliat even 
where he lias been removed Ifom the surroundings in w^hich his o™ 
mstitiitions were developed the mental disposition out of which 
those institutions grew has persisted iinchanged in es^ndals. He 
still leans upon forces outside of himself. The fetishism of which 
the institiition=i which we have been considering are the most highli^ 
developed expression still persists^ In the British colonies in the 
New World it is still necessary to keep m the laws severe penalties 
against obeahmen, whc?&e influence remains strong. This in spite 
of the fact tliat the negroe^^ have been subjected to the influence of 
European civilisation for three hiindrEd ycarsa, and that during a 
great pan of that time ministers of numerous Christian &ects have 
worked diligently to root out superstition. In Haiti for more than 
a century the negro Iieis had the opportunily- to work out his OAvn 
salvatidn under leaders of his own race; and it is precisely in 
Haiti that we find yoodooism and poliLLcaf oppression and corrup¬ 
tion dividing the field of authorit}^ bcuvc^n theuL In the Lmited 
States and elsewhere on this side of the ^Atlantic such limited 
progress as the negro lias made is due to white philanthropists and 
to leaders of mixed race. These are his external superior forces 
and he knows iL and he leans an them. 

So far as the evidence from hUtory' Is concerned the peculiar 
mental disposition of the negro is undiangedp and it seems unchange¬ 
able. This mental disposition keeps him backward and we have no 
reason to suppose that in comparison with tlie white man he will ever 
be anything eke^ 

tlsivEMsiTv QP Pennsylvania, 

Pun^ADELraiA^ Pa, 



ARE THE RACES POTENTLALLY EQUAI-? 

ALEXAN DER GQLDEXVVEESER 
iR^ad Aprii 

Mr, Hall has just regaled iis vnth delightfuJ bits oE negro niagk. 
There is no denying the interest and quainLness of the tJata he has 
presented. But what is the bearing of this folk-loristic panorama on 
the question of racial equajity or ability? 

As an anthropologist Mr. Hall need not be told that even in the 
very fidd of magic he has so thoroughly scanned^ modem man can 
not by any means boast of a dean slate. We have heard of tlie 
supernatural powers attributed lo negro kings. But how about the 
kings of Europe—today (or shall we say yesterday) ? "WTien some 
two generations ago the imperial train carrying Alexander III* and 
the royal family was derailed wuth tragic consequences* but their 
majesties suffered no injuryp the event wa,s hailed throughout Russia 
as a manifestation of Divine Providence, Needless to say^ the ruler 
of All the Russias lost no time making capital of this special sign of 
aupematural favor. Or shall 1 remind you of WilliaFu Ih who made 
no secret of his heJicf that his ideas and acts were directly inspired 
by the Creator ? And in this faith he did nut stand alone. 

With uSp moreover, as with the .African uegroesp supcrnatitraHsm 
is not by any meajrs restricted to roj^lty* Women no longer believe 
that the eating of a tw'in banana wdll result in a similar multiplication 
of offspring* hut many of them, when ahont to become mothersp srib 
frequent concerts and tibraxics in the Eond hope and ejcpectaticin c\f 
thus imparting to their issue the qualities of musicianship and scliolar- 
lincss. We may not set as many visions as was man's wont in 
earlier days, or wEien we da, discotmt them; but w^e still dream 
dreamsj and many there are aii>ong us who do not shrink from ascrib¬ 
ing to dreams the significance of omens and prognostientions* 
Charttis and amulets^ mysteriously acting stones and the evil eye, 
symbolic uunibers, lucky and unlucky days, menta] action at a dis- 
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(and this is the ver^' kernel of mg^c!) — all these are still with 
us. ^ ^ ^ 

But let us vvaive this issue and glance at the problem of racial 
comparability in somewhat more systematic iashicin. 

First, then, comes man physical or htological. Arc the physical 
difFerences het^veen the races such as to permit a gradjng intu a prt>- 
gressis'C series from the animal upward? The answer is a decisive 
MO, When white man is examined as an integral specimen* his pale 
skiUr his refinement of feature^ his ImrniQnioti&ly symmetrical de¬ 
velopment and, last bnt not least, his sestheiic appeal to our senses, 
seem to prejudge tlie at once in his favor, Snrdy no other race 
has reached a physical development so remote from that of the 
animal and otherwise so satisfactory, both anatomically and aatheti- 
callyl But i£ abandoning this Impressionistic approach, one ex¬ 
amines man feature by feature, the tonclusion can liardly be the 
same. 

Take, for instance, the red external lips, a trait distinctly human, 
for animals, even the highest, are devoid of it. Kow no one can 
deny that in this particular feature tlic Negro race has traveled far 
ahead of the others and therefore furthest mvay from iis animal 
prototype. Or, take hairmess of the face and of the body generally. 
From the standpoint of this feature, the Nf^ro, Mongol and Ameri¬ 
can Indian would justly daim a certificate of advanced Immunity, lor 
their hairiness, a trait characteristic of most animals, is but slIghL 
The Australian, on the other hand. Is in comparison quite animalistic, 
for he is very hairy^ indeed. In this, however, be i^ like one other 
race* namely white man, who is as hairy as the Australian. 

And so on with other features. There is no possibilily of a serial 
grading from ardmal to man as far as the actually exi^tiog races are 
concerned. The}" must be regarded as specialised developments 
from the animal, proceeding in different directions. 

Then, there is man neurological and psychological. How does 
the case stand here? It is. of course, obvious tliat the general die- 
vdopmcnit of higher animals culminating In man, is accoin[3anied by 
a pre^essive mcreasc in the relative weight and size of the nen^ou® 
system and in ^Fartlcular of the brain. But when the level of human¬ 
ity is once reachedn the case is no longer so simple. 
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Many efforts have been made to prove that raves other than tlie 
white are, on the ivhole, characteHzed by smaller and lighter brains. 
In the light of more tareful study this position can no longer he sus¬ 
tained, In the only instance where stifEdent data for a definitive 
conclusion are available, that of the Negvo and the white, tlie situa¬ 
tion is about as follows: the majoriw of negro and white brains vaiy^ 
between the same limits of size and weight. However^ a small num¬ 
ber of white brains seems to occur which are heavier and larger than 
any normal negro bmms and an cqnally smidl number of the latter 
which are smaller and lighter than any normal white man^s brains. 
At first blush this seems impressive^ hut heed must be paid to an im¬ 
portant complication. l3o brain size and weight stand in a definite 
ratio to what is called intelligence? The popular view to the con¬ 
trail' notwiThslandlng^ this question must be answered in the nega¬ 
tive. It seems that wilhiu the limits of variation of the human spe¬ 
cies practically any degree of intelligence is compatible witii am- 
normal brain size and weight. In other words, speaking of the white 
race alone, a thousand intdJectually distinguished individuals wotild 
in their brain size and w^eight be comparable to a thousand average 
individuals. It follows tint no conclusion inimical to the n^ro race 
can be based on the above noted slight discrepancy* 

There is, of course, the further question of brain convolutions 
w'liich are in some way rekted to brain organization and mental per¬ 
formance. But this aspect of the subject is so replete wdth questions 
asked and imansvi^ered, that no conclusion can be hazarded by the un¬ 
prejudiced* 

Then come the sense reactions and psychological processes gen¬ 
erally. In this re^Llm the notion h still prevalent that races other 
than the w hite are distinguished by seusaiy acuity but by a relatively 
inferior development of the so-called higher menial faculties. Both 
charajcteristics are, of course, imerpreted in a sense inimical to the 
noii-wdiite races. To put it bluntly: they can not think as well as 
white man does but they can hear, smell and see better, just as spme 
animals do. 

But all tliis belongs to opinion, not to balanced objective judg¬ 
ment. Neither psycliologiral tests nor our general experience with 
non-w bite races, when critically e^-nluatcd^ reveal any supcrioritv' of 
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these races to wliitc mati in sensory acuity. It is true that in primi¬ 
tive conditions rmn lives in close contact with nature and that in this 
setting he often leams to make better use of his senses tiiati does 
white man in liis highly artificial civilization. But all this ts a matter 
of habituation through practice. The Australian hiishtuan would 
fare no better on Broadivay than does a white nvin in the jungle! 

As to other psv'chological traits, the consensus of optniou of un¬ 
prejudiced mankind, among w'hom are mi^ionaries, travelers* and 
scientistSj is to the effect tl:Lat for better or worse, man^s mind works 
about the same the world over. Al&o, is it not fairly obiioiis that the 
psy^cholcjgical characteristics usually attribuled to the races arc once 
more of the acquired, not of the tongenital^ variety? The stolidity 
of the Indian, the reserve of the Mongo], tlic emotionalism of the 
Negro, are not any more inherent qualities than is tlie vindictiveness 
of tJit ItaEau, the logic of the French, the pedantry of the German* 
the sentimentality- of the Russian* tlie stupidity- of the English, or the 
frankness of the Atnericim. Each and all, these traits art cultural, 
acquired through education and subject to change when social en¬ 
vironment changes. 

I do not w'aut to be understood as holding that the psychological 
identity of races b either proved or Hkdy to be so. The cootrani^ iSp 
in lact. more probable. That ihe great physical differentiation of 
the races should not have been accompanied by some corresponding 
psychological difFerentiatiou, is bard to suppose. Some day when 
we are better in^o^llcd about these matters we may find llmt certain 
psychological differentia do obtain between the races. On the other 
hand, it would l>e gratuitous to assume liiat such differential racial 
traits would prove classifiable as higher and lower in Xhc range of 
mental aptitudes. 

I realize that all this may impress you ns undujv detached and 
academic^ What do we care, I hear you say, about lips and hairi¬ 
ness, heavy and light brains, sensory acuity and psychological char¬ 
acteristics t Our cpjicem is with dvi]i 3 :ation and history. Wliite 
man's historic career and his alone was steadily progressive^ he and 
none but he has achieved a genuine civ-ilization beside which the cul¬ 
tural vagaries of oiher races dwindle into insignificance. 

This sounds good and to a degree carries conviction — until ex- 
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ammed in R dispa^saionati: moo<]. For is It ctTttiin+ after alL that 
oiir civilization, point by pointp is !iiiperior to all others? 

In certain domains^ yey. We know more—is science^ V\ c 
have learned to apply knowledge to life—this is applied science. 
Also, we arc able^ at times, to control thought hj knowledge—this is 
scientific theory' and philosophy. In tliest doniains, indiihilahly, we 
reign sopreme. But can as much he said about our reJigion, ethics, 
art or socio-polirical organization? No sooner is this is,stie broached 
than it becomes at once apparent that no conclusion can be reached 
here without postulating some standards of reference. Thisn as a 
ride, is done unconsciously w^hen our awn standards are taken for 
granted and the acliicvements of other dvilizatinns or racers are cn- 
^nsaged in the light of these standards. EiU then, they must he 
granted tlie right to proceed siniibrly, which, indeed, they often do 
with results entirely satisfactory to themselves. 

Is monotheism, fpr example, superior to pantheism or to an uni¬ 
versal animism? It all dcpeuils* If conformity to a. world is 
accepted as the standard, then, from the angle oF a pluralistic phi¬ 
losophy, animism may well appear as an idea! form oF supcmatural- 
ism. For does it not spiritualize and deify the particular? Monism^ 
in comparison, would pass as a product □£ a fndlc and vacuous ab¬ 
stractionism, Or take muralily: it to he moral is to thr a rode of 
behavior nnt merely to profess one, then most primitive folk w^ell 
as some of the les^ remote civilizations would easily outclass us in an 
estimate of moral stamina. As to art, a rattle from the Northwest 
Coast of America or a Polynesian dub are, within their range^ as 
perfect esamplars of art as a painting from the brush of Raphael, a 
statue of Rodin's or a Gothic cathetlral 

!t is also tiseFul to rememlier that modem dvilination, m its most 
dtsLinctive elements— tlmt is, knowledge and its theorerical and practi¬ 
cal application—dates, as It were, of yesterday. In positive knowl¬ 
edge w^e are almost as superior to the ancient Greeks and Romans as 
we are to the African negToe,s and the Australian bushmen. In the 
mechanical aspects of living—means of jirtKlnction, trans|3ortatioTi, 
cumniunication—tliere is more difFermce betw'^een tlire man of today 
and one of the eighteenth century than there is bet wen the latter and 
Ilia Forebears of the prairie and the forest. 
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In a fortunate irmnient of history a set of striking in%TnEiotis re- 
siille<I in Unique changes in knowledge and achievement and, while 
these changes were not by any means wiiolty on the credit side of 
culture, they did tn more titan one w'ay constitnte an uiiprecodenta] 
advance. 

But, to assume tliat sucb a forwrard push could not occtir in any 
other race and culture than onrs, would lie siding with gratuitous as¬ 
sumption and prejudice rather tlian w'ith probability’. 

As 1 am speaking, \ am liccoining painfully aware that some of 
you arc suspecting me of making a rather naive assumption, the as¬ 
sumption namely that the problem of racial equality revolves about 
fact, knowledge, critical thinking. Before dosing, permit me to de¬ 
fend myself against this unmerited auspidon. 1 aiit only too pain¬ 
fully conscious that this is not the case, that the question of race is a 
prodnct! for garbled facta, special pleading, prejudice, conceits jeal¬ 
ousy, and selfishness. To admit this is perhaps the first step toward 
a more rational and humane altitude. 

Hememher Japan! A generation ago the Japanese sttxid no 
higher in the esdmation of their white brethren than the lliinese 
sumd today. Then came the Russo-Japanese War, The Russian 
eagle was forced to eat du5t at the feet of its yellow conquercirs. 
And out of the ashes of the war Japan arose a full-fledged member 
of the family of nations. If today w'e still discrinilnate against the 
Japanese—and. to onr shame be it said, we do—it is no longer on the 
ground of racial inferiority. 

The lesson of this historic episode is well worth the learning. 
What happened orvee may hapficn again. To satisfy her imj)eTial- 
istic ambitions, France is at this time engaged in providing military 
training for ^-ast numhers of her African subjects. Tlicse troops or 
tho.se that will follow in their wake may tiot always remain satisfied 
to by their bones on (he haiticfldds of Europe in the interests of a 
foreign and selfish power. Some day they may become the nurleua 
of an Africa for Africans, the vanguard in the ,stmggk of the black 
w^orki fur racial emanctpiation. 

The fate that befell Russia at the liandp; of the yellow nien of 
Asia may befall others when they are confronted with the bbek 
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of Africa- Then we strall recDgnize them. Then we shall 
grant them the right to w'Orld citizenship- 

Btit most they wait so long? Must vre? Remember there is a 
price to pay for the delay. 

Might it not be wiser as well m safer to proceed more expe- 
ditiptisly? 

New Scuoql fqb Social Rzssakch, 

New YiULK Cuv^ N. Y. 


INHEHITAiVCE BY TETRAD STBS IN SFH^^ROCARPOS. 

By CHARLES E AITEK. 

CRi-Miff **5. iM/,) 

i 

In Spftitrocarpos DamirUu An^t., aa in aome other itittJibers of 
same genus, tlie four spores tormed b>' the division of a single 
spore mother ceU are (cetlain stniins excq>tcd) regularly held to¬ 
gether at maturity. If the spores of such a tetrnid geriiiinate, four 
haploid plants (gametdphytes). and ultimately four clones, are pro¬ 
duced whose genotypic constitutions result from the distributton of 
chromosomes in the course of the reduction di\dsJons that fontied the 
spore nudei. Sphovocarpos thus offers a special opportunitv for 
observ'ing wliat is drtuajly tlie immediate result of the segregation of 
chromosomes in the reduction divisions. 

To realize tfic advantage here presented, it is necessary to secure 
gernunation of a Large proportion oF the spores sown, and to grow 
the resultant clones to a si^e sufficient lor the satisfactory determina¬ 
tion of their characters. The genetic work thus far done with 
SphiFracarpos has encountered serious difEciilties in the germination 
of spores and the growing of sporclings* Two sets of germinations, 
as reported in a previous paper (Allen, 1919) ^ were suffidently suc¬ 
cessful to give some iniorniation as to the iuheritance of sex and of 
characters closely associated with sex. Rut in the study of the in¬ 
heritance of other characters, the most extensive results^ reports on 
some of which are now in press, have until very recently been oT>- 
tained by sowiitg the spores or spore tetrads broadcast upon soil, and 
hy Ixiter isolating the sporeliugs. By this method it may be learned 
what genotypes occur^ and in approximately what proportions, among 
tlie offspring of a given mating—results comparable with those ob¬ 
tained in the genetic study ot other orgaaiisnis—hut not what is the 
distrihution of the different genotypes within a single tetrrtd. 

Ehiring the last two years, tiowever, the use of improved methods 
has resulted in a larger proportion of genninatron on the part of the 
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spores of isolated tetrads. While the results that can be reported at 
present are still comparatively meager, and while some statements as 
to the character of individual plants must still, as will appear, be 
niade in tentative form, >et the farts at hand are suifident to indicate 
the possibilities inherent in this mettiod of analysis of inheritance. 
The sowings ot spore tetrads whose results arc here recorded were 
made in the autumn of 192the sporclings were separated during 
the early months of ig’3 and transplanted to individual pots, where 
they develo[jed into clones. 

In these studies 1 have had the valued assistance of Mr. James A. 
Lounsbury, and the work has been carried on w'ith the aid of an ap¬ 
propriation from tlie re-scarch fund of tlie University of Wisconsin. 

PoLVCLADV ASP Se.K. 

.Among the divergent races of S{fharacarl>i)i Donndlti whose in¬ 
heritance has been sitidied is one to which tlic term “ polycladous' 
is applied. PohiJadous plants of either sex are characterized by 
profuse and irregular branching, by marked variation in tile form 
of the lateral lubes of the thalliis. and by the occurrence of dorsal 
lobes and cilia. .Anthcridia are fewer than on typical male plants, 
sometimes lacking altogether on many, or even on all, of the plants 
of a clone. Tine antlieridial involucres are. with rare exceptions, re¬ 
duced in various ways, leaving the arnheridia in consetjttence partly 
or entirely exposed. In vegetative structure, apart from their greater 
average size, polycladous female plants resemble the males. Only in 
very' few instances have these female plants been observed to bear 
ardiegonia, and even when present archegonia liave proved function¬ 
ally sterile. The rare archegonia are enclosed in involucres more or 
less closely approximating those of typical form; elsewhere the poly¬ 
cladous females hear, in varying abundance, solid columnar up- 
growtlis which seem to correspond to involucres—containing, how¬ 
ever, no structures that suggest archegonia. 

If a typical female is niaterl witli a polycladous male, the game- 
tophytic offspring (in the f, generation) consist of four classes: 
typical females, polyvladous females, typical males, and polycladous 
males. The four classes occur, as previous studies have shown, in 
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at least approximately equal numbers. The sterility o| polyclaclous 
fcmaleSp of course, makes the reriprocal cross impossible. 

Table gives the results of the germination of spores of 29 spore 
tetrads borne by two sporophyte^ {14 and 15 tetrads respectively) 
produced by the mating of typical females with pglycladous male5+ 
The distribution of characters within the two familieg was so simLlar 
that, for economy of space, both are tabulated together- Only those 
ckmes are included in this classiheation, as well as in that of Table 
II., which grew to a large enough size to permit of a satis factory 
determtiiation of their character. 

TABLE T. 

Typical Fbmai.e X Poltcladdus Mai_e^ 

z CwjjEi, 

50-337 ai-i-te 
51.^5 K 50.266 


(a) 

z tjT^cal 

■- !■ -i - - 

THXiuil. 

2 

(*) 

1 typical. 

3 polycLadoLi0 

I 

(0 

i i>pii:al, 

t pDlyxiadoLiB 

I 

(d) 

] typical 


4 

W 

— 

3 ppl^rqladous 

4 ta 

iS) 

I polyclaiJoiifl, 

2 typical 

1 

W 

1 polycladoLJB>, 

I tj'piciil 

A 

(« 

t polyckidotui 

+ + * + ■ * 

5 

(i) 

. X .... 

3 tj'piciai 

2 

u> 


I tv'piral 

4 16 

{tj 

I typical, 

I potydadcius, 

KxcepHon. 

1 t typical, 1 

f X pciiydadous / 

zS 

] 


29 


The facta summarized m Table I. make possible the formulation 
of certain general rules- 

First, the facts harmonize with the expectation that, of the spores 
of a tetrad, two will carjy' the female, and two the male, potentiality. 
The results in this respect agree with those previously reported 
(^'Mlcn, igig), as weU as with the observation that in sjKjre-forTnalion 
two of the spores of a tetrad receive the X-chromosome character” 
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isdc of females and two receive the V-^:hTOmosPI^e characteristic of 
males- 

Swontl. the results indicate that two of the spores of each tetrad, 
carri- the potentiality for the productinn of the typical (non-poly- 
cladous), and two that for the production of the polycladous, char¬ 
acter. In tenns of current genetic conceptions, this implies that the 
appearance or non-appearance of tlie polycladous character is deter¬ 
mined by the distribution of phy-sical bases liome by the chrotncisomes 
of a single pair. In the course of the reduction divisions, a ebromo- 
somc bearing the physical basis necessary to the appearance of poly- 
clady passes to two of the four spores of each tetrad ; the other two 
spores receive a diffcrtni chromosome heloogiug to the same pair, 
and consequently the physical liasis corresponding to non-polyclady* 

Third, in all except the one instance noted as an “ exception,” the 
results are in hannony with a supposition that tlic four spores of a 
tetrad give-rise either to two typical females and two polycladous 
males (classes a-c. Table L), or to two polycladous females and two 
typical males (classes f-j). each tetrad in either case being composed 
of two and only two types of spores. However, dassca d. h, and /, 
in each of which a done was secured from only one spore of a teiradr 
and classes c and ff, in each of which one clone of each sex appeared, 
are not conduaive upon this point, (.hiiilting these classes* it ap¬ 
pears that there were y letrad.s (dasses a. b, and c) comjxised of two 
typical and two poly’cladotts male spores (or, more strictly, of spores 
bearing the physical bases for these respective characters); and 3 
tetrads (classes / and t) composed of two {lolycladous female and 
two typical male spores. Tliese numbers, though small, suggest that 
there is probably no linkage between polyclady and sex—that is, that 
the physical bases determining the appearance or non-appearance of 
polyclady are borne on a pair of chromosomes other than the X-Y 
pair. This conclusion had been predously reachefl on the basis of 
more extensive studies of plants resulting from the broadcast sow¬ 
ing of spore tetrads. 

Fourth* there was one dear case (class 1 % Table 1 .) in which the 
characicr-dlstribulton rras such that the four sports of the tetrad 
represented as many different genotypes, and therefore all the combi¬ 
nations fosslbie when two pairs of characters (in this case, female- 


22il 


AIXEN—l^iHERlTANCE OY TF.TRAD SIBS. 


trale and pdiycladouB-tAi'pii’al) are cotiLtmcd. In dosser r, d, g, h, 
and Jf. the posstbilily of a similar [iistrihuticiii of factors is not cjc- 
chided. BnU as already seem it is reasonably certain in 10 cases 
that the spores ot each tetrad fell into only two classesT as compared 
with one case in which the spores were certainly of four t^^pes. It 
seems safe, there lore, to conclude that, so far as the physical bases 
of the characters here siudied are concerned, in tlie majoritj' (and 
probably the lar^e majorit^^) of cases the reduction divisions proceed 
in such a manner as to result in the produciton of two and only two 
diflFerently constituted types of spore nuclei; but lhat in some (prob¬ 
ably tew) cases, these divisions bring about the fonuation of lour 
qualitatively different spore nuclei. The bearing- of this conclusion 
upon the problem of the method of segregation of the chromosomes 
in the course of the reflncETon divisions will be considered after the 
distribulion of a second pair of cliaracters has been described- 

Tuftedxess and Sex* 

■# 

Another chainacrer diSEtnguishing certain strains is designated as 
"tufted.” Tufted strains, Iroth male and female, are characterized 
especially by al>errancies of varied natiire and degree in involucral 
form. Some branches of a tufted clone bear extremely atypical in¬ 
volucres ; other branches of the same clone display a mixture of 
typically and atypically formed involucres; while still otlier branches 
depart in no noticeable wtiy from a strictly typical appearance. There 
is strong reason for thinking that different tufted clones differ in tlse 
magnitude of their inherent tendency to produce aberrant involucres; 
although, in view of the variations from typical to extremely aberrant 
fomis within a single clone, it is diffiaiU to deterniine to what extent 
differcnecs of this nature between clones are gcnotj^pic and how far 
merely phenoty^pic. 

IMatings of tufted females l:iy ty^pical males, as previous ’ivork has 
showm, result in fj offspring of four classes: tj^ical females, tufted 
females, typical males, and tutted males. The reciprocal emsa 
t rable Ih.} gives the same four classes among the f^ gametophytes. 
The 111fted offspring of such crosses show marked differences in de¬ 
gree of tufredness* ranging from clones of the total number of whose 
branches prorluced during a period of two or tliree years only a frac- 
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tion of one per ceol:. were tufted, to clones which produced during a 
similar period over ninety per cent, of tufted branches. EvidentWp 
a clone m which tlic lendcucy to the production of the aberrancles 
characteristic of tufted races is present hut, for whatcra^ irason, 
weak, may devdop for some time without producing a branch that 
WPidd be classed as ttifted. Such a done, csperially if examined 
while sdll small, may, although genDUpically tufted, be classed as 
tvpicab There is always the likelihood, therefore, in classifying the 
offspring of a cross of tufted X typical (or tv'picat X tutted), of an 
error favoring the t\"pical classes. An error in the opposite direc¬ 
tion is, as experience has shown, very unlikely. 

In Table IL are given the results of the germination of the 5[5ores 
of 47 tetrads, borne by two sporophytes (14 and 53 tetrads respee- 
tiv'elv) resulting from emssej between typ®^^ females and tufted 
males. 


TABLE II. 

Tvfical FniiALa "X Tufted 

2M4 X 20^84 
51.315 X 31.16 



FouaJc' 

Male. 

Tetradju 


3 typical. 

3 tufted 

3 

w 

a typical. 

[ tufted 

J 


3 typic^ 


4 

id) 

t typical^ 

1 tufted 

J 

(«) 

I typical 


5 

if) 


[ tufted 

r 17 

(f) 

3 tufted, 

3 typical 

3 

(« 

3 tufted,. 

1 typical 

i 

w 

I tufted 


7 

(j) 

1 tuft^. 

a typim! 

1 

{*5 

1 tufted. 

I typical 

3 14 




31 


A pfM.rtn i Exte^imts. 


(0 

3 typist 

1 typical 

4 

im) 

a typical. 

t typical 

3 

in) 

1 typkfll, 1 

1 tufted, J 

1 typical 

4 

(*) 

t tyrical,! 
t tufted J 


5 16 


A 7 
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Atl tlie TICJ3UI1S sliown in Taljle 11 .^ like those of Table ajjree 
with ll'te expectation of two female and two male eJunes from each 
spore telradr In 9 case^ (classes a. gj. and ^), all four spores of the 
tetrad germinaled. 

In these families, however^ three tetrads (not listed in the table) 
gave rcsiills inconsistent on their face with the expectation as to se?[. 
One tetrad produced one typical female plant, and three males of 
which one w’as classed as t^-pical, one as tufted^ and the tliird died 
before its cliaracter could be detennined. At the dme the sporditigs 
from this tetrad were separated, it was noted that rwo of those which 
afterward proved to he male (the typical and the nneertain one) were 
possibly parts of the same plant. When the plants of a tetrad grow 
close togetherp uncertainties of this nature cccasionaJJy ariscp though 
the greatest care is exercised in separating them. In a second case, 
three female clones developed from spores of a letrad. The fact 
that all three proved to be tufted, contrarj,- lo the general rule that 
not more than two plants of a tetrad are tufted, suggests that here 
also one sporeling may have been divi<led when the plants were 
separated and tratisplajited. In the third instance, four sporelings 
w^ere obtained^ one of which died when very small; the other three 
developecl into t>^pica] female clones. But in this case, ihe four 
5{>urelings as they first appeared w^cre in two distinct groups of two 
each, suggesting that two spore tetrads may by accident liave been 
placed in the same pot- Thus none of the cases funiishes a certain 
exception to the general rule as to the distrihution of sex characters— 
although, as pointed out in my previous pa|>er, tt would not be sur¬ 
prising if such an exception w'ere to occur now and then in conse- 
f[uence of nonnlisjunction or other irregularity in chromosome-distri- 
hution. 

The results from 31 tetrads (classes a-k. Table IL) fit a supposi¬ 
tion that two spores of each tetrad should carry' the tufted, and two 
the t>'ptcal (non-tnfted), potentialit}'. That this actually occurred is 
demonstrated in 5 cases (classes a and g) and very probable in e 6 
others (classes 5 , c, h, and j) j classos d, c, /> and k furnish no evi¬ 
dence on this point. Among the cases listed as "apparent excep¬ 
tions," those in classes / and m seem not lo agree with such an ex¬ 
pectation. These cases will be discussed in a later paragraph. 
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Classes arc also in harmony w\th a supposition tliat the two 
female clones derived from any tetrad will possess one vegetative 
charaetcr of the contrasted pair^ the two niale clones from the same 
tetrad possessing the opposite character. In 9 cases (classes a-c) it 
is highly prohabk ^ certain in class a ) that the cUstriljutioii was two 
typical females, two tutted males; in 12 cases (classes g-j), the 
distribution seems to have been two tufted females, tvso typical males. 
There appears, frotn the near-equality of these two catEgories. to be 
no linkage hetw^een sex and tufted ness. This conclusion is supported 
by the results of previous ivork on clones derived from sports and 
spore tetrads sown broadcast. 

Tlie "apparently exceptional" cases (classes Table 11 .^ re¬ 
main td be considered. In canncction wMth these^ it is to lie recalled 
that a done genDt3Tjically lu fted may develop for some time without 
producing in fted branches. Thus, as previous experience has abun¬ 
dantly demonstrated, il is possilde to err by classing as typical a 
clone that is genot^^picilly tuElcd^ whereas, at least under conditions 
teasonahly favorable to ihc development nf the plants, the possibility 
of the opposite error seems to be virtually excluded, ll is evident 
that, certain plants now listed as typical in classes !-o to be 
transferred to the " tufted '' category^ all the tetrads nciw placed in 
these classes would fit the expectation, based upon classes that 
of each tetrad the Ewo female clones will fall in one category ( typical 
or tufted) and the two Tuale clones in the opposite categom As 
most of the dones here listed are still living, it is possible that further 
observations may show same of the ajjparently exceptional cases to 
agree wnth the rules as to llie distrihution of characters which seem 
to hold in classes 

It is true that classes ! and could also be explained on the by- 
fiothesis that the differences between tuftedness and non-tuftedness 
are conditioned by two or more factor differences, and that the fac¬ 
tors concerned are, or may lie. distributed independently in ihe course 
of the reduction divisions. Bui untii further observations have re¬ 
duced the chances of error in these particular cases, the development 
of this hypotliesis is unnecessary. 

On the face of the results^ the tetrads in c!a,sseft Jt and 0 niay lie 
interpreted as representing the same type of distribution that was 
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found in one idstnnce among the offspring of a typical-polydadoKis 
maiing—ihe appearance* nanitrlvt of four tj'pcs of spores in a single 
tetrad. In the present case, a distriliution of this sort would produce 
one typical female, one tufted leniaJe^ one typical male, and one 
tufted male. While it is quite possible that some of the tetrads of 
classes ii and it actually represent this Upe of distribution, the pos¬ 
sibility’ of error mentioned makes such a conclusion at present tin- 
safe. On the other hand, it Is clear fliat, in the majority of cases in 
these f am [lies, each tetrad was composed of tw'u and only two tyiies 
of Spores, 


The J^Iethod of CiiiiOMOSOME-SEiiaEGAnDN- 

A central problem of genetic research concerns the method by 
which, in the course of the reduction divisions, the substance of the 
chromosomes is distributed between the four resultant nuclei. That 
such a s^regation occurs a-S to bring about in the respective daughter 
nuclei generitally different groupings, certainly of the chromosomes 
themselves* aird possibly of farts of chrcpmosomes, is demonstrated 
cytologically and experimentally. But many open questions remain 
regarding the precise manner in which this segregation is effected. 

One question tijwn which agreement is not complete concerns 
which of the two rediictian divisions acttially brings about the separa¬ 
tion of the temporarily paired chromosomes of different ancestral 
origins. \Trmally all the cynological study of plants and the major- 
iiy of such w'ork on animals mdicate that the qualitative segregation 
of chromosomes is brought about in the first of the iwo reduction di¬ 
visions f the heteroh’pic division), the second (homteohqjic) division 
then toeing apparently equaiionat. On the other hand^ in some ani¬ 
mals, especially in a ntiml^er of llemiptera, it appears that the hetero¬ 
typic division is equational, a qualitative segregation occurnTig in the 
honiceotypic division h The evidence supplied by the experimental 
study of tnherilance jicems to slmw dmt^ whichever is the reduc¬ 
ing or segregative division, the separation of the chromosome& of 
one pair is independent of that of the chromosomes of any other 
pair—the chromosomal cDnstittillon of the daughter nuclei formed by 
this division thus fieing mathematically predictable. 
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The ctHiiicquences of a scgTCSAtion in citlier the heterotypic or the 
homir-oft-pic di^Hsion may thus be calculated in terms of the genetic 
constitution of the four spores (or gametes) formed from any mother 
cell. If, as in the cases considered in the present paper, the diploid 
generation possesses, borne on two different pairs of chromosomes, 
the physical bases for two alternative pairs of characters, the chromo¬ 
some pairs Concerned may tie designated as A and A’, B and B'. If 
segregation of the chromosome pairs A .-V and B B' occurs in the 
heterotypic division, in any particular case the daughter nuclei will 
receive either A B and A' B', or A' B and A B'. The homneotjTiic 
di^dsion will form from each of these chromosome combinations two 
similar combination; tlie four resultant spore nor gamete) nuclei of 
a tetrad will then contain respectively either the chmniosome groups 
A fl, A B, A' B', and A’ B'; or .V B, B. A B'. and A E'. Any 
tetrad thus will consist of hut two genetically different types of 
spores; but there will be two kinds of tetrads and, all told, four types 
of spores, the two kinds of tetrads and the four types of spores each 
occurring in apprnjdmately equal numliers, Apphing this calcula¬ 
tion to the distribution of characters involved in Table L, half of the 
tetrads would give rise each to two typical females and two poly- 
cladotts males, and Jialt would produce each two polydadous females 
and two typical males. 

If chromosome-segregation occurs in the homceotypic division, 
then, using the same notation, each of the datighter nuclei formed by 
the (eqnational) heterotypic division would receive each of the four 
chromosomes A, A*, B, and B'. The homoatypic disHsion would 
produce, from each of these, two daughter nuclei having respectively 
AB and A'B', or A'B and AR^ It the liomreotypic division should 
goon in the same fashion tn the two sister nuclei formed by the first 
division, the tetrad would consist of two tj'pes of spores; two spore 
nuclei -would contain AB and two A'B', or two would contain A'B 
and two AB', If, however, the division of the two sister nuclei is 
effected differently, four spores of as many different types would 
constitute the tetrad; their nuclei containing respectively AB, A'B’. 
A'B, and AB'- .Assuming that the segregation of chromosomes in 
the liomceotvTi^ division of two sister nuclei occors independently, 
then, in a sufficiently large number of tetrads, the following chrorao- 
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sfimc-distriburion would appear: one fourth of the tetrads would 
consiist of tw'O ktndii of sports whos^ nuclei contain respectively AB 
and andtiier fourth, of two types of spores with the chromo¬ 

some grottps A"B and AB'; and each of the remaining half of the 
tetrads would consist of four types of spores characterisced respec¬ 
tively by the comh[nations AB, A'B\ A'B, and AB\ Applying these 
formulae to the characters whose actual distribution is illustrated by 
Table h. the expectation w'ould be lhat one-fourth of the tetrads 
wt>u]d produce each two typical females and two polycladous males; 
□ne fourth would prcKiuce each tw^o polycladous females and tw-o 
tj^Jical males; and one half would produce each one tyiiicaj female, 
one pol^'cladous femidc, one ty^pical male, and one polycladous nialer 

The results reported in the present f>aper obviously do not agree 
with either of the calailated results just outlined. The three sorts 
of tetrads^ to be sure, occur that would be expected from the second 
hypothesis; hut, instead of tetrads composed of four spores constitut¬ 
ing half the total number, tetrads of ihis sort are evidently excep¬ 
tional. The rarity oE such tetrads might indeed he explained by as¬ 
suming s^regarion in the homoxitypic division with the additional 
provisiofi of a tendency for the segregatiem of the chromosomes to 
occur in die same w'uy in two sister nuclei. For the latter asstinip- 
lion, how'cver^ there is no present observational basis; and the notion 
of segregation occurring only 'm the hoinceotypic divisron is negatived 
by all that is known of the reduction divisions in plants. Probably 
the present observatiotis can be best harmonbed with other known 
facts by supjiosing that in general (in Sf^hif^rocarfras} the hclerotyptc 
division ctlecls the segregation of chromosomes; but that the ad¬ 
ditional possibility exists of a segregation at some times or to some 
extent of chromosomes or parts of chromosomes in the course of the 
bomi.eotypEc division. 

The only previous attempt a ^ so far as I know, to detenriine the 
time of segregution from the genetic constitutEon of t)ie spores farmed 
by the reduction division are by Kniqi (19^) and Wettsteln ( 

The fortiTcr autlior has isolated the groups of Eour sjiores borne by 
single basidia of Altar^disats l^olygonitis^ Four genetically dif¬ 
ferent types of sporeSp as judged from the behavior in conjunction 
nf mycelia derived from theiti, were produced in tlic same fruit 
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iKwlvt bill tn no caite were more than two types of spores {two 
oi each t)"pe * home bv one bnsUiuiTi^ fvniejj concludes that 
the spores cSiffer with respect to two pairs of alternative factors; 
and that the production of hut two ti'pes by any one basiditim 
demonstrates that chromosome-segregation occurs in the hetero 4 T*i«^ 
division, Wettstem, by treatment oE the dci doping capsules of 
"hybrid sporophyies of /ly^oittcfnVOj induced die spores of 

a tetrad to remain together, instead of separating, as iliey ordinarily 
do, at or before maturity, lie found that each of 35 tetrads was 
composetl of hut two genetically different types of spores, and tame 
to the same condtision as did Kniep regarding the time of chrorno- 
some-segrcgation, ^ 4 lcurDdiscus and therefore, do not, so 

far as present knowledge gocs^ illustrate the possibility demonstrated 
in Spha-rocarpos of a segregation in both reduction divisions. 

Observations and hypotheses admneed by previous wriiers sug¬ 
gest at least two w^ays in which segregation may conceivably be ef¬ 
fected in both the heterotypic and tlic homojotypic divUiom One 
possibility is indicated by the cases in insecits reported liy ^Vilsou 
{1912), Miss Carothers (1913)^ McOung (1914)* snd Wcuridi 
(1916), in wliich the segregation of certain chromosome pairs seems 
to occur in ihc heteroty^pic division and that of certain other pairs to 
occur in the homceotypic division- Even should such a difference in 
the behavior of individual chromosomes be found geucrah Siow'everp 
it would not account for the proportions in which the different tyTi^ 
of cliaracterKlislribution seem to occur in Split^rocarpQS, so long as 
each particular pair of chromosomes is always separatee] in one or the 
other division, Wcnrich’s conclusion that a particular pair of 
chromosomes maybe separated sometimes in one divisioin sometimes 
in the other, mighty on the offier haudp account for auy conceivable 
v-ariation in the proportions of the types of different nuclei formed 
by the reductiun divisions. 

Another possible cxphmiitioii of the present results is to be found 
in Janssens' ^^909, 1919 Uj fr) theory^ of chiasumtypy* II: is true 
tliat the major use of this tlieory by Morgan and others has been in 
connection with genetic evidences of a crossing over whidi may be 
conceived as occurring at a time when the paired chrontosotties are 
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not longitudinally split* But Jan^ns" own devdopmtait of the 
theoiy emphasized the posstbility of a crossing over between the re- 
specti%^e halves ol the split chromosomes of a pair, in such a way as 
to make possible a differential segr^ation of parts of chromosomes 
in both Tcdusition divissosis. Tlic conception that chiasmatYTpT,- may 
bring: about residls of this nature is supported by the genetic evi¬ 
dence in such cases as one reported by Bridges {1916), in which the 
genetic results are explainable by a crosslr^ over in the “ four- 
strand stage. 

It would be usdess at present to attempt to determine whether 
the distribution of cliaracters among the tetrad sibs of Sphfrrocarpas 
best fits one or the other of these concepdoiis, or possibly some co- 
tirely different explanation, of the phenomena ot the reduction di- 
\didons. That in some way qualitative segregaiioo can be brought 
about in both divisions seems a reasonable inference from the facts 
here presented. There is reason to hope that further observattons 
may materially extend the scope of the method of analj^sis here out¬ 
lined. 
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YELLOW FEVEJl AND FISHES IK COLOMBL\.^ 


Bt cl H. EIGENMANN. 

iEN*a<f April 

Dr- H. Hajisoa, of the Kpcke feller Foundation, who two years 
ago fought ycUow fever in Peru, has transferred his operations 
against yeUow fever to Colorufaia. He has kindly sent me a series 
of the fishes he has found useful or is trying oul. Comparing the 
species received from Colombia wiLh those used by him in Peru and 
those used by Drs- Pareja and Cjonnor in Ecuador, some general 
conclusions may he pointed out. 

The two cssentiaJs to niake a fish u^ful for yellow fever work 
are: (r) The mdinadou to eat mqsqnito larvae. (:?) The ability^ to 
exist in the containers in which yellow fever mosquitoes breed- 

No doubt scores of species fulfill these two requirements in dif¬ 
ferent parts of the fever-in tested or potential fever region- WTiich 
ones are best in a given area will have to t>e worked out experiment¬ 
ally, This much seems dear. Other things equal, small species of 
fishts w ill be more suitable than large spedes, though the youi^ of 
sonic large species may answer the purpose very well. 

Other things being the same, species living in ponds, or stagnant 
water, are more likely to be serYiceable than those from swift water. 

Some species pick up thdr food by sight. Other tilings equal, 
they may be quite effective In removing moving mosquito larvas dur¬ 
ing daylight. 

Other species detect their food by its niotion. Such species are 
usually provided with elaborate tactile organs either in the skin itself, 
like the bhnd-fishes, or in Imtbels like various catfishes. These may 
also be useful, frequently operating at night. 

It will probably be found that maiuy of the fishes imported by 
aquarists will be suitable for mosquito work In the tropics, 

^ Conhibutioa frotn tlic Zadtqgica] Labaraiary^ Indiani Univcrirty, No. 3Q3„ 
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The most effective mosquito larvie eradicator in Peru is “Ule*" 
piurfE^ In Cnlninbia^ near EucaramajigE^ a smaller species 
of the same genus is being usedp Pygid^mn slriatjim. Every moun¬ 
tain brook in Colombia contains one or n^ore species of ^gidiurn, if 
tliey are realty all distinct. They sometimes are found under rocks 
in swiftly flowing water. I found one species in a little brook near 
Honda diving Into the sand and small gravel at the bottom. When 
disturbed or routed out of one spot, they quickly darted into another. 
In the uplands they have a tendencj^ to live in quieter water* They 
liave barbels and the Penivian P, piurct operates at nighL 

The Volador'^ (Piei^ifriijo panamensh) used in Colombia is a 
close relative of one of the most effective mosquito eradicators used 
in Lima, Peru, under the name of Lire dr agaa duici^, in Fjcuador as 
''Huaijas” and at Chidayo* Eeni^ as Chalquoque/'* The name 
" Vokdor ” suggests the reputation of tlnalquoqne M'hich has a 
tendency to jump out of its containers. This habit no doubt con¬ 
tributed to its distribution. It has recently been taken in a line en¬ 
tirely across the Andes from Facasmayo to CajamarLa and down to 
the Marahou, and is the only species of flsh with such an extravagant 
distribution. 

The Mero " is heitig used at Harranquilla. We became ac¬ 
quainted with its next door relative in the yellow fever work at 
Guayaquil under the name “ Chalacos." The Pacifle slope form is 
iaiifroHS^ that in Barraiiquilta and along Atlantic slope 
fishes generally is nwrik/M.r* The PaLific slope form 

proved very effective and there is every reason to btdieve tliat the 
Atlantic slope form will prove equally so,* if it is foutid in sufficient 
abundance^ 

Tlie three spcdcs of fishes used most effectively in Peru and 
Ecuador have counlerparts, close relatives systematically, which are 
doing the work in Colombla- 

Anothcr ^ecies Tjeiog used in Colombia b a “ Mojarra.** The 
Mojarra^ are sunfishdike fishes. There are several genera and spe¬ 
cies, Dr^ Hanson experimented with ^P.quidens rhndatus in Peru. 

■ Sec Am. NaLt LVIU PP- 4 ^ and 447 ^ £or figurei and djistributioa map. 

• See Fi-oc, Phihs. Stic., LXL p. 19:^- 
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Thc species lieitig tried out in Colombia is Gj^opha^us stcindathnm. 
There are twor possibh'" three, species of Geopliagus in Cdonibia, one 
in the Atrato-S™ Juan, the other in the Magdalena basin up to 
Girardot. One species is found in Panama and other species are 
found east of the Andes. Thev are very attive. nervous fishes, 
dodging: m among and hugging the aides of rocks. From thdr 
gtnteral habits, I should judge them effective sight hunters of larvs, 
but I fear they wiJl prove too nervous for the work in small con¬ 
tainers, frequently disturbed. Tlie young may survive in the ham¬ 
pered environment of the containers. The males cany the eggs and 
very young in their mouths. 

Two species of Catfisheswith long whiskers are being used in 
Colombia, Pimd&ddh chagrensis and sebm. These are 

fishes of the lowlands and quid pools, living in general in a vcr>' 
different emdroumetit from Pygidiom. They ha%^e flexible barbelSp 
more than half as long as the entire fish, with wbiiih they can (theo¬ 
retically at least), explore any snudl container with the minimum of 
muscular effort* *\notlier species of the genus Pimetodella (yMWftm- 
sis) was tried by Br* Hanson in Peru but was abandoned. 

Dr, Hanson has mentioned two other species, the Boca chica" 
and a brackisb water species near Cartagena- The '* Boca diiea 
of the Magdalena, Frocliitodui nmgdd^nis, ascends the river in count¬ 
less niillions during winter. They are dried and used by laborers as 
food. Tilt adult is certainly not suitable for yellow fever work* 
The young may serve. Another ^cies of the same genus was tried 
in Eaiador^ Prochitodt^s liumcraliSj but abandoned. 

The brackish w^ater species possibly sphenops^ An¬ 

other species qf the same genus, .l/nlliitJiiifd rsiicanu is abundant in 
the swamps of the lower Magdalena basin^ It is a niiuiite fi$h that 
for a priori reasons should make an ideal species to do the work- 
Species o! the Fcecfliickep to which Mollienisia belongs, and a 
family which contributes mosquito eradicators elsewhere, arc widely 
distributed in Colombia. Along the coasts of the GuJanas they are 
especially abundant both In species and numbers. 

ZOOLOGICAU LAaWA'mFCV, 

Univzjisitv of Lvoiana. 
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THE BEH*^VIOR OP (ENOTIIERA NEO-LAM^^RCKlANA IN 

SELFED LINE THROUGH SEVEN GENKKATIONS.‘ 

BY BRADLEY MOORE DAVIS, 

Unirefiiiy 6 ^ 

I rEportrd in an eoxlkr paper (Davis igt 65 ) the segregation of a 
hybrid ia Lbc Fa generation from the cross (Emlhtra 
X OLnotheTa biennh with 30 many points of resemblance to (Enaihera 
Lamatckumn that it seemed to me to be scarcely distinguishable 
from Lamarckiana as thb collective species would be described in 
systematic botany. I named this hybrid (Epwthera ne<^ 

Laniarxihuinn and hare carried it along in selfed line through seven 
generations. This paper will give (i) The hehaviot of ne<f-La- 
nmrckia 7 m over this period nf time, (2) The results of crosses to 
bimuis designed to test its purityi and (3) The behavior, when 
selfedt of the more prominent derh^tivEs from n^o-lMmafckiami. 

We shall note that die behavior of ficG-Lamaf'ckiana m throt^-mg 
through successive genenitions certain characteHstJc t>-pes is similar 
10 that of ilaniarcitMttii when it produces with each generation its 
partiailar set of "mutants/' Morgan (1933^ PP- 309, 310) sees 
little point in this parallelism of behavinr because cErtain wild 
species of (Enothera studied by de Vriesp Stomps and Bartlett show 
bcha\-ior of the same kind as that of iMifiarckiana. Morgan, 
howeA^er, apparently overlooks the evidence which indicates that 
these wild species like /nmarrJbnn'n are hetErozygous and may not 
be taken as representatives of pure species (Davis 1922)* They 
together with LamarckiaTia are illustrations of impure species^ of 
wdiich the genus seems almost wholly to be composed, 

impure species which chiefly breed true because for the most part 
only such gametes are de\=^ 3 aped and produce vigorous z^-gotes as 
reproduce thereby the heterozygous constitution of the parent 
stock. 

The parent species of nM-Lawarck^na were (Mnotktra /raw- 

I "Gcnetical Studies on CEirfijAiijro/' XIL Papers frum the Difpartiiieiit oi 
Botany» UnivT^iity ol Michigan, No. rck|. 
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ojfflBO Bartlett from California (Bartlett 1914) and (Enotkera 
bteantj Linnxus from Holland (Bartlett I 9 l 3 )f and these species 
have been fully described and figured as to their contrasting 
characters (Davis 1916a. pp. aofi, 207I, Their points of resemblance 
to fEHfffftera LamarckiiUJii in \'arious partictilars have also been 
shown (Davis 19160, pp. 2 IO-- 3 12). The Fi generations of reciprocal 
crosses were compared in an earlier paper (Davis 1914, pp. 190, 191) 
and wdll not be discussed further. A set of inter and back crosses 
involving the Fi hybrids and the parent species has also been 
described (Davis i 9 ^ 7 t PP- i?®"!?®)- 

It is a matter of interest that my sclfed tine gf /fopfciscoita, 
which has now been carried through ten gcncratious, w'hen pollinated 
by still continues to give the same type ol Fj generation as 

was obtained in the first cross made in 1912 out of which came the 
vigorous plant ijfo-jLajnafrAtflWH (Davis 19141 PP* t® 9 p This 

cross in recent years has been repeated three times and always large 
proportions of the rosettes have been pale green and w'cak, with 
mortality so high that it is difficjlt to bring even the strongest 
plants to maturity. 

This acojunt will begin with a plant i 4 - 53 « “ an generation. 
The culture 14.53 was one of five parallel F, generations from five 
sister plants of the Fi culture 13.35,/raJiciJCflno B X biennis (Davis 
1914, pp. 190, 191). The five sister Fj plants i 3 - 35 ^t 

13*35^1 t3'35fi i3.35r) differed from one another as has been 

noted (Davis 19160, p. 229) and gave F, generations with various 
peculiarities (Davis 19160, pp. 228^242)- The plant I 4 * 53 'f was 
selected as most likely to give in succeeding generations some 
/..ofRcrcfriafKi-Uke offspring. 

The Fi Generation. 

The F, generation, culture 14.53 from the Fi plant i 3 . 35 fr was 
from a sowing In earth of 454 seeds from 5 capsules; 3S7 seedlings 
appeared from which 376 rosettes developed, and 363 plants reached 
maturity. The culture as Toseltes separated into two groups, loB 
plants with obtuse pointed leave* and 268 plants with acute pointed 
leaves. From the rosettes with obtuse pointed leave* came broad* 
leaved plants with small flowers of the WeniiM fti having stigmas 

below the anther tips; a single kero plant appeared from this group 
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and a]s» an obtused-leaved dwarf. The ro&ettes Mth acute pointed 
lea\'es dwcloped plants agreeing in having foliage of Marrow pointed 
leaves, but exhibiting a range of flower sfrurture from that close 
to biennis to that of the frandscana type; 10 dwarfs characterized 
by sicklc'sltaped rosette leaves were in this group. 

There were several plants In the group with acute poiuted 
leaves which presented in different respects and in ^-aiying degrees 
characters of CEnaihem LafHorcJfcwnd. The best of these La- 
marckiana-Uke plants. 14.53c. was selected to carry- forward a 
selfed line and its characters contrasted with those of races of 
Lamarfkfana w'lth which I am familiar are given below. 


SwUin^s, CotyleddDA brood at baa: 
and almost sessile. 

jlfaflirt rW4:ci£fr. 4“5 broad. 

Leaves broadly elUptkal or spitu- 
late with siiiiiiitc irrciju- 

larly toothed below, strcniEly 
CTinkledr .Mld^^elns whitt^ in 
gome 

Mntur^ pltint. C4±ntrBl 5teiii about 15 
dro, hifib. Lon^ side shoots froin 
the roiietie, and side branches 
about midway up the ceirtral 
fitcin. Uppor Idlkge of uvatc- 
kinceolatc IcaveSp short piitiplcd, 
crinkled^ Midveuis in 

some faces reddish, Stenw red 
papillate. 

Compact and flai 
topped. Bracts eessilCp brqnd at 
base, early in the season equaling 
the lun^h of the buds, later much 
shorter* 

Buih. In lafg^e-flowcred races aboirt 
S um* long. Ceme stout p 4-ang]adr 
Sepals ia some races 

streaked with red* Sepal tips 
atLcAuate, min. long. Pubes¬ 
cence nn sepals pilose and pubmi- 
lent consiFitmE of long haixB arMiig 
fjoin papillfc among nutnetoua 
ehon: ses&lte haJrs* Qvmficfi witli 
red papiU;s4 


Piemi 

Siidimgs. Catrj,dedous snitlar to those 
of Loina/r.Jbulil£l* 

Maitire roxUtt, 4. dm* broad. Leawe 
as in LdiffurirjboKei. .^Itdveln:? 
white. 


dfaiuntj phint Central Btcm 9 dm. 
high. 6 side ^pats trotn Lhc 
rosettep 5-^ dm, long, side hranebts 
from central stEm Icwcf and 
shorter. Upper foliage of leaves 
not SD Etroagly ovate at bac?e, 
□iherwisi: as in , 

*\Lidvema white. Stems red papil- 
lale. 

BmE±E early ij!i «caBoa 
3/3 the length of the buda. Ot her- 
wise as in Lamarckiana. 


Bvds. 7.5 cm. tong, eDyie anmewhat 
leM Stout and less Wrongly 4 - 
angled. Sepals green^ 5et^ tiptt 
attenuate, 5~^ fntii* long. PubeiH 
cence ns in but more 

denser Ov'^.rleE with red paplUse. 
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4-4.5 long^ Ip saiiifi kick 
ai sttislII as 3 cm. 

SHgma Mm. Uaially 4, fflnietsinea 
5 or 6. Style ertendine 5-7 Tnm. 
above the tips of the antheri. 
Capsules. In sorne meeft siflut ^wid 
aboixt 3 cm. loiigh m oLhen inora 
attepuate and alxiut 3 cm. long^ 


3.3 CTO- lOR^P 

5^£)na iobts, 4 , rarely nwra. Style 
eetendiiig 3-3 ram. above tlie tips 
of the anthera. 

About 3 cm. long. 


From this comparison of hybrid 14.53c with l^marckiana it will 
be noted that the differences between the two plants were plus and 
minus degrees in the espression of similar characterB. The most 
impoTtani points of resemblance were those of rosette, foliage, 
oompajct inflorescence, flower size, stigmas projecting beyond the 
tips of the anthers, capsule form and size (Fig. i), pubescence in 



Fic. I, Capaulea b( plam 14,53^, Lanutrckiittia-Whi hybrid in^e F»/ra»oj«mi 

X bienniS:, s^uinpared with the iiapauks of XHf)Jnp™iflna+ 

general, and red papilbe over the sterna and ovaries. The importan t 
differences of the hybrid were the more sprawling habit of growth 
of the mature plant, its bud cones less stout, and its shorter sepal 
tips with their heavier pubescence. There were few plants m this 
F, generation LaiBnrfjtmim-likei in fact only 3 were considered 
worthy of attention* 
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The evidence of eegregatioii was dear thro'ii^hoiit this Fi 
geiieratioa as shown in the great range of flower size and stmeturep 
with the extremes approaching the bienftis and fran^iscana 
and in the \Taried foliage. All of the plants had the red-papillate 
stems of/roHCijrdflfl; no green stems as in biennis were represented in 
this culture which, however, being earth sown, probably did not 
e3diibit the full extent of segresation possible from the A 
culture from the sister Fi plantp from seeds germinated in 

Petri dishes (culture 15 51) gave a small group of green-stemmed 
segregates (Davis igi6ap pp. 229r-23o). We shall see that the class 
of dwarfs ^ represented by 10 plants^ appears constantly in succeeding 
generations, and from time to time also the hem type. Later there 
became more sharply differentiated the large class of plants /ran- 
c/rcaim-lilte in habitg foliage and bnd structure. 

The Fi Geln'ERation. 

fhe Fa generation, culture 15.53 from the Fj plant 14 53^p 
grown from 625 earth sown secdst the contents of 4 capsules. The 
seed pans, kept for jl w^ks, yielded ^91 seedlings, a germination 
of only 46.6 per cenL That tins was a low percentage and a poor 
germination was proved later b>' germinating in a Petri dish a set 



Fig. a. Mature rosette of the Ki plant iS n^lam^Tckmna^ 
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of 644 seeds which gave S 74 seedlings, a germinatioii of fig- > pef ™nt. 
The rosettes, as in the Fj generation, were readily separated into 
two groups, 91 plants with obtuse-pointed leaves and i 97 plants 
with acute-pointed leaves; there wero 3 dwarfs. In the group 
with acute pointed leaxos 7 plants developed ^niorciwNa-hfce 
rosettes and became at maturity ioworcHana-lilce in other respects; 
From these a plant, 15.530. was selected to be parent of the 
generation and its characters are here considered and illustrated 
in Figs. 3, 3 and 4. With this generation I first began to use for 
such t>TMS Hea-LaiHar£r^ifl«a- 



rosefte. As shown in Fig. 2 the mature rosette had all of 



Mature pla 7 it. Central stem well developed, at maturity 13 dm. 
high. The habit of the plant (Fig. 3) and its foliage were quite 
the same as those of Lamarckiana, Stems red papillate. 



Fig. 3 . Mature Fi plant t5-53o. 
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Infiorescence. Compact and iJat topped (Fig. 4) as in Lamarchiana. 
Bracts similar to those of Lamarckiana. 



Fig. 4 . luftorHceace of Fi pbat i5'S3Si tn^Lamarckiana. 

Buds. & cm. long. Cone {Fig. 4) more slender than in lAnuifcM~ 
ana, 4-adglcd. Sepals with faint reddish streaks. Sepal dps 
with heavier pubescence than in Lamarckiaua but of similar 
character. Ovaries red papillate. 

Petals. 3.7 cm- loog- 

Stigma lobes. Style extending 3 mm, above the tips of the anthers. 
Capsules. About 2.4 cm. long. 

As compared with plant 14.53c of the F, generation plant 15-530 
was closer to Lamarckiarfa in presenting a much better habit of 
growth with a tall central stem and properb' arranged side shoots 
(Fig. 3), in better foliage now beyond critidsm and in larger petab. 
The bud cones of the hybrid (Fig. 4) were, hower'er, less stout and 
the shorter sepal tips had a heavier pubescence. 
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Segregation was expressed in the Figeneralioii in much the same 
manner as in the F-, showing itself most conspicuously in the siae of 
petals, length of style, and form of leaves. The rosettes with obtuse 
pointed leax'es generally developed plants ^illi foliage and flowers 
more HewfitJ like altiioogh there was a wide range of variation and 9 
plants were clearly more /raiiiiiPtiwa-likc as to these characters; 
in all of the plants of this group the bud tips were thick and showed 
the heavier pubescence peculiar to frandscana and capsules were 
/fCBcjrruflfl'like as to their length, about 3 era. The rosettes wnth 
acute pointed leaves, except for the 7 plants of nm-Lamarckuina, 
gave/rarffisrarra-like plants as to their bud tips, foliage and capsules; 
variation here expressed itself in flower size and style leng^. and 
52 plants in this group were more Wennii-like in these particulars. 
Thus the promise held out by a rosette as Indicating a plant more 
fcrcrtrtis-like or more /ranctrcmnj-like was not realized in all char¬ 
acters of the adult plant. The mass of the culture agreed in having 
the red-papillate stems, bud tips, and capsule length peculiar to 
frajicismna. Green-stemmed segregates were lacking but the 
germination of seeds was x-ery' far from complete and some types of 
segregation mav well hax'e been absen t. T he 3 d w arfs, similar to 
those present in the F* generation, constituted a numerically small 
group probably because of the unsatisfactory' gennination of the 
earth-sown seeds. No hero types appeared. The 7 tamarckiatw- 
like plants stood in a group apart and were recognized and separated 
as rosettes from the mass of the culture. 

TuE ¥4 GENEIiATION, ASID THE FIRST GENERATION FROM 
NeiJ-Luff^a tckiii h# » 

This was the first generation of ma-Lamarckiana grown from 
seeds forced to complete germination, and is of parumilur interest for 
the range of segregation displayed and for the numerical proportions 
of some of the classes. The culture. 16411 came from scifed seeds 
of the F» plant 15-53*, fbe first representative of (Enothefti »ro- 
LomaTckiaiia (Figs. 2-4). 

The contents of 3 capsules, 764 seeds, after soaking for 40 hours, 
were subjected, w'hile still in water, to pressure of about 100 pounds 
in an iron case for 36 hours. The seeds were then spread on wet 
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pads of filter paper in Petri dishes and left at room temperature. 
Germination began at once and was mostly completed after lo days. 
The seedlings wiUi their empty seed coats were removed from the 
Petri dishes as germination proceeded and the seedling set out in 
pans. The remaining ungerminated seeds, after 30 days in the 
Petri dishes, were tested for contents by pinching with strong 
forceps and found to be empty. From this culture of 764 seeds 
there came 66® seedlings, a germination of 874 per cent. This is 
interesting in contrast to the record of tlie earth-sown seeds of the 
Hi genemtioii w'hich gave a germination of only 46.6 per cent. 

A vEr>' large number of the seedlings after sprouting were unable 
to throw off their seed coats and it w'as necessary to remove the 
coats by teasing and pressure. This operation was responsible for 
an early mortality of many seedlings whidi together with the death 
of 6 seedlings with etiolated leaves and a number of feeble dtvarf 
rosettes with narrow' lea^'es reduced the culture to a total of 549 
plants when set out in the garden. 

As the rosettes of tliis culture developed it w^as apparent that a 
vert’’ much larger number ga^'e some promise of becoming La~ 
rnar^^iniKi-Iikc than in the cultures of the Fi and 1'* generations, 
and a group of l<4t. rosettes were thus segregated before the plants 
were set out. Of this group 36 rosettes developed into large plants 
of the nto-Lamatckifina type with central stems iO"i3 dm. high, 
65 plants less dgorous presented stems ranging from 3-9 dm. high, 
or failing to develop central stems put out iawdrcftfawa-like side 
shoots from the rosettes, 48 plants remained as LawiarcAiano-like 
rosettes, 29 rosettes became dwarfs generally witli narrow sickle- 
shaped leaves and of these none dcvelopcid Dowering shoots 1 16 
rosettes died. Thus of the 194 plants in the entire group which 
started out with indications of Lawiarcitana-like characters only 36 
came out as thoroughly good representatives of «e(i-La»iarc£ia#ni. 
The nes-L^inafckiana plant selected to be parent of the Fi generation 
was 16.411 XIX-4, Its characters were those described fnr plant 
15,5311 of the F| generation and illustrated in Figs. 2, 3 and 4. 

An assemblage of 355 rosettes w'ith narrow leaves was left after 
the selection of the 194 rosettes w'ith LowFarctihaa-likc characters. 
This group produced the following varied assortincnt of types: 
32 weak dwarf rosettes w'ith narrow sickle-shaped leaves only 3 of 


24S 


DAVJS—CtNOTHERA NEO-LAMARCKIAXA 

which lived to Sicnd up short shoots, 17 narrow-leavKl dwarf 
rosettes which f^iilcd to r^^ch matarity and probably wer^ in the 
same group as the first although they had s^TtunetrlcJil leaves. 3^ 
rosettes of which 289 lived to develop plants which 
ufill be designateH the franchcana type, distinguished as follows; 

7 'he franciscana 

Ifalitre rosettes. Karrovf leaves sUoilar to those of franctscana. 
Mature plants. Habit as in /rflffrfKfliia a«d with the same type of 
narrow leaves. Frequently plants ate larger leaved and more 
robust. Stems red papiUatfi- 
As m fmTiciscana. 

Buds. About 7 cm. long but vniiable. Sepals streaked with x^d 
and heavily pilose and pubcrulent as in/rojJtircfflffa- Sepal tips 
thick, blunt pointed as in frandscona and with similar heavy 
pubescence. 

Fiou'gfs. Generally large as in frorwiscaufl, but variable in 5i*e* 
Stigma. Generally about 3 mm. above the anther rips, but some- 
times at their level or below* 

CopsKies. About 2.8 cm. long as in JranciscaTta. Large yield 
of seed. 

Poflen. Almost wholly perfect. 

Many plants of this type were so close to /raweisrana that they 
would fall well within a description of the speciis. Others depart 
from the type as noted above in their more robust habit and mme- 
what larger leaves, variable flower aze and position of the stigma. 
Characteristic and important points of resemblance are the similar 
tjud tips and similar bud pubescence. This/rawff'rfflno typ^ 
represented also m the F* and Pt generations by large numbers of 
plants and in later generations it stands out as a well “differentiated 
segregate. 

The dwarfs writh narrow, frequently sickle'Shaped leaves were 
always numerous in generations grown from seeds forced to com¬ 
plete germination. They were represented in later generations by 
many mature plants and will be referred to as the Jfanciscana 
dwarf type w ith the following characters; 
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Tht franciscana dwarf type. 

Multure rosettes. Dwarf, ICS-T5 cm. broads Leaves generally 
narrow and frequently crinkled and sickle shaped (Fig* 5)* 



Fic, S. Malure J4,5I< rcyresentathm pf tht/raB«J££tJ®fl dwurf type. 

Liav» narrow" aJid frequently ^ckle shaped. 

Alaiure plants. 2-3 dm, high, few sprawling branches, leaves 
narrow and acute pointed- 
InflQres€en€e. Few' flowers in a loose spike- 
Bnds. Short blunt sepal tips w ith framiseana pubescence. 

Fhwers, Small, petals 8-15 mm. long- 

Stigma- Generally at level of or belciw the an tlier tips. 

Capstdes^ Small, wdth low yield of seed. 

Pollen. Almost w^holly perfects 

Seedlings and dwarf rosettes with narrow' etiolated leaves have 
alw^ays appeared in cultures of nea-Lamarckiana from seeds forced 
to complete germination. Because the type resembles alhida from 
Lamotekiana it has been called al&fcfU'Uke. 

Albidadtke- 

Seedlings with etiolated ratyledons w hjsih develop dwarf roselles 
wdth narrow etiolated leaves* They are wreak plants wrhkh generally 
die early as seedlings or as young rosettes, I have ne\"€r been able 
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lo bring thesie pLmts lo maturity'' even with particulax care and 
under the protection of tlie hot houw- 

A matter of interest in this history' of the line of neo-lMmarckit^w 
is the disappearance in this generation of the class of plants with 
obtuse pointed leaves, both rosette and foliage, which was con- 
spicuotis in the and Fj generations, E\'idently the genetlr^ 
ruake-np of plant 15.53* from the Fj generation was different from 
that of the plants 14.53^ and iS-SSr which preceded it In the lincp 
and a new genotype was selected at thb time. This was the 
genott'pe of neo-Lumtircktana which has continued with apparently 
few' if any modifications through tlie later generations. 

The composition of the generation presented the folloiving 
distribution of plants: 

36 plants of nf^-Lamarckiafm, 5.4 per cent. 

65 plants less vigorous^ lianmfrJbmuu-like in foliage but with 
bud tips more like/ranorrama. 

48 plants remained as LamarckianaAik^ rosettes. 

6 etiolated seedlings and rosettes, afitin-like.- These died 
early. 

289 plants of franchcana type, 43.3 per cent. 

7S plants of the /Tafidscana dwarf type. 

145 plants died before their characters could be determined, 
713 as seedlings or young rosettes and 33 after the culture 
was set in the ground. 

66 S Total of germinations, 874 per cent- 

In summary of the generation it ijhould be pointed out that 
segregation was displayed on a much larger scale than is indicated 
in this short account- It is clear that the large group of 194 rosctleST 
selected w'hen half grown as Lamarritiana-Uke, w^as a heterogeneous 
assemblage, since only 36 at niaturiiy w’ere ne&~Liimaf€k 4 iina* of 
the others 29 bec^ime dw'arfsp a large number approached neo- 
Lamarckiana but failed to qualify as Lo flower structure, 48 re¬ 
mained as rosettes, and 16 died. It is highly probable that a 
number of different genotnjes were represented as segregates and 
might have been isolated if time and garden space could have been 
given to their further study. With respect to the large group of 
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355 rosettes witli narrow leaves much the same aituadon was 
presented. There was a group of 49 dwarfs and in the large 
assembl age of 306 rosettes of the /ra ncism na type su tfic ten t variation 
appeared as the plants maturEd to indicate that with respect Lo 
flower size and position of the stigma die group was far from 
homogEneous. It was not my purpose in this study to trace the 
ramlhcatioEis of segregation but rather to study the results of 
selection to the type of fXfn-LaJffflrcrtiaiia. 

The Fi Oekeratton, jvnd im Second Generation from 
Neo-Lama r f feia wa* 

The Fi generadon was studied with particular care as to the 
character of its segregates, and^ like the F* gen era don, was growrn 
from seeds forced to complete germination. The culture, 17.41* 
was from selfed seeds of the F* plant 16.411 XtX-4i the second plant 
in the line of indKiduals bearing the name neo-Lamorckiana. 

The contents of 5 capsules, 1,089 seeds, were soaked 24 hours and 
then subjected while in water to pressure of about 100 pounds for 
36 hours. The seeds W’ere germinated in Petri dishes at first at 
room temperature and later placed iu the greater warmth of the 
green house. The culture gave S99 seedlings, a germination of 
62.5 per cent. 

It was necessary to remove the seed coats from 109 germinadng 
seeds the cot>dedons of w'hirh were unabte to free themselves, and 
of tills group 65 seedlings shortly died in the seed pans* Thus only 
4.^ seedlings survived the operadon and these produced a nuxerd 
group of rosettes showing that they did not constitute a geneticaJ 
class- Other mortality in the culture eliminated early 19 more 
seedlings. 

The culture in the rosette stage coiitained 815 plants which w^ere 
grouped as follow s: ^77 Lamufckiana-Vike. rosettes, 52 dwarf rosettes 
frequently with sickle-shaped leaves, 453 /ratKrtsrami-like rosettes, 
34 etiolated dw^arf rosettes, ni^piJudike, which died early. It will be 
observed that the class of rosettes with obtuse pointed lea’^’es w^hich 
dropped out in the fourth generation did not reappear* As in other 
generations this classification of rosettes although of interest did 
uot give the final composition of the enkure since many modifi^ 
{zations appeared as the plants matured- 
L 7 
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From the growp of 277 Lamarcitiana-Viks lOaettes 91 plants of 
neo-Lamarckiana matured, 102 plants bnre Laniafcfeiffiw-like foliage 
but were more/rflJtctJftiPtfl-like as to their bud tips, 22 plants of the 
kero type appeared, 13 plants developed of the/ranriJ«ww dwarf 
type, ifS plants remained as ianiarrHana-like rosettes, 31 plants died. 

The group of 53 dwarf rosettes, frequently with slckle-shaifcd 
leaves, produced 31 plants of the /ninfiscono dwarf type, and 6 
plants Tia«eflo-like in foliage and bud characters; 15 plants died. 

In the large assemblage of 45^ /rafKtscfltw-like rosettes 9 plants 
of the/ro»iWj«iJ»a dwarf type appeared; 410 tj-pical rosettes were 
discarded for lack of garden space and the remaining 33 rosettes 
became plants of the/raflcisronfl type. The discarded rosettes were 
undoubtedly chiefly if not wholly of ihc/rancisruno type which was. 
therefore, represented in the culture by a veiy' large group. 

Thus there appeared in this highly varied assemblage of the F* 
generation the same clearly defined segregates as in the F i, and in 
addition two new' forms, e.g., a iianfi/a-like dwarf and the hero type 
which, however, was represented in the Fi by a single plant- The 
former segregates which reappeared were the afWrfo-like dwarfs, the 
frantitcana type, xhe frandscam dwarf type, and the probably mixed 
assemblage of forms with LflftiarcJh'ona-like foliage but with buds 
more/roptetscana-Uke, and vatiouB in flower sutc. The flflw«ya-like 
plant and the hero type are distinguished as follows; 

Nantlla-like. 

Mature rosettes* Medium^si^ed tvith broad leaves closely set and 
frequently asi^mmetrical. 

Mature plants. About 3 dm. high, compact with sliort intertiodeSp 
foliage of broad leaves. 

Suds. Sepal tips pointed. 

Ftau-ers. Various in sJie. 

Capsules . Medium-siaLed and good yield of seed- 
Fallen* About go per cent perfect- 

The kero type. 

Mature roseUes. Very large, the leave* broad and thick (Figr 6). 
.\fatHre plants. With long spreading side shoots (Fig. 7). foliage 
of large thick leaves. 
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Ftc. 7 . Mature plant. 14 rnprcsentatiw of the ktiv typ*. A latue plant 
vinti vary long bJcI^ shoots (rom tlio ro^te. 


FlC. 6, Mature repregentatiw of tlifc feenff type with Lbc 

tnpJoid number of cbroniomne^ (^i)+ Rommricablo the braacitb smeJ tliiEik- 
nesci of the liavcfl* 


iH,rxg ’ 
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As in framiscana, elongate and not flat topped 
a\ 


FiG^ ljiilort;iCEnti& oi Lhe hmf 14-5^^- 


Loog biids with stout coed. 


Buds. About 8 cm. long, stout (Fig. 8). Sepal ups thick, un 

pointed and with the heav>- pubescence of 

Flowers. Petals 3-8 cm- . 

Stigma. Lobes 7-8 «im. long, 5-^ n 

About 1-8 cm. long, yielding at best a vep- small harvest 

of seed when sclfed, and these seeds largely sterile. 

Pollen. Small in quantity and the grains chiefly shnvded. 

The hero type from jito-Lamarckiana was a plant of such intet^ 
that several tests were made of its fertUity and behavmr in 
lines (Table UL). Chromosonie counts in the developing oyxil^ ot 
two plants gave numbers ranging from 17-20 which, together vinth 
t. great ^iation displayed in self«i lines and the very low 
fertility, clearly indicates that the kero type is generally a triploid 
plant carrying 2i chronaosomes- One plant (2043 3) prov o 
have 28 chromosomes and. theieloTe. in this respect corresponded 
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to gigtis from This plant gave culture 51.43 

Tabic in. whidi unfortanately suffered such mortality as ta produce 
fin mature plants and consequentJy the line ended. 

The composition of the Fa generation presented the following 
distribution of plants: 

gl plants of n^-LaTnarckiunOr^ lo.i per cent, 

102 plants Z^HiarrAiana-like in foliage but w ith bud dps more 
like franciscQtid^^ 

18 plants remained as Lsipar'cftTiiMfl-ljke rosettes. 

6 dwarfs, nandls-llkB in foliage and bud characters. 

34 etiolated seedlings and rosettes, These died 

early. 

22 plants of the hefi) lype. 

443 plants of the/murweawfl type including 410 t^^ical rosettes 
discarded for lack of garden spacer 49-3 per cent. 

53 plants of th€ franciscana dwarf type* 

130 plants died before their characters could be determined, 
S4 as young .seedlings and 4b older plants either as 
potted rosettes or in the field* 

S99 Total of germinations, 85,5 per cent. 

The plant of neo-Lamarekiana, I 7 ' 4 *t selected to 

carry' forward the line was w'holly true to its type. 

The Ffl Genehation, and the Thiho GE^"E^x-^Tto^' FRoai 
Nea-Lamarekiana . 

The Ffl generation, culture 1941. was from selfcd seeds of the Fa 
plant 17.41^ X\TII-5, the third plant in the line of individuals 
bearing the name Jien-Lanmr^kiana. Like the Fe generation it was 
studied wdtli particular care as to the nature of the segregates and 
the culture was grown from seeds forced to complete germination. 

From 3 capsules 70T seeds w^ere obtained w^hioh after soaking for 
24 hours were placedi during another 24 hours while ill water, twice 
under pressure of 75 pounds and twice under exhaust* This alter- 
nation of pressure and exhaust was a modification of former trt!-.at- 
ment and designed to bring about more quickly the entrance of 
water into the seed. Germination was immediate and almost 
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ended after a week; it was ftiily tampleted after 3 weekis. The 
seedlings numbered 61 a germination of 87.2 per cent, 

A group of 14 etiolated, sffrf&tdike seedlings and young rosettes 
died early w^hidi togedier with other mortality partly due to the 
operation of removing persistent seed coats reduced the number of 
plants to 586 at the time wheti the culture was set in the ground. 
These 5S6 plants were at this time grouped as follows; 156 La- 
marckiana^like rosettes, 60 dw'arf rosettes generally wdth sickle¬ 
shaped leaves, 275 /raKcfJ^unfl-hke rosettes of which 130 were 
discarded for tack of garden space, 95 rose Lies of uncertain re- 
latioushjp at this stage of their devdopment. As the culture 
umtiired many plants departed from the indications of their rosette 
stagest except that the plants wnth /rum:tJCfl«a-like rosettes all 
dCT^eloped into the franciscana type. This group of segregatea 
even as half-grown roaettes may be selected with a high degree of 
ccrtaint\% 

The group of 156 LamarckianaAik^ rosettes produced 84 plants 
of ne<}~Lamar€kiana, 37 plants LantarckianaAike in foliage but with 
bud tips more /mMft5irflnc-rtke and flowers of various sizes, 30 
dwarfs jiandla-Wk^ in foliage and bud characters, 1 plant of the 
hero type^ 6 plants of the/ruwcficuan dwarf type, 8 plants died. 

The 60 dwarl rosettes» generally with sickle-shaped leavest 
developed 50 plants of tU& fm7iciscana dwarf type, ro plants died. 

Of the 275 rosettesike 130 w ere discarded for lack 
of garden spaccp 142 developed plants of the franciscana type, 
3 died. 

From tile 53 rosettes of uncertahi relationships there dex'eloperi 
2 plants of 2 plants of the kero type, 6l plants of 

the franciscana type, 22 plants of the frandscana duarf type, 8 
plants died. 

The composition of the F® gen era don presented the following 
distribution of plants: 

86 plants of mo-Lamafokiana^ 14.T pet cent, 

37 plants LuTacirri^KiTia-bke m foliage but with bud tips more 
like Jranciscana. 

20 dwarfs, nuweZ/a-like in foliage and bud characters. 
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14 and rgaettesj ni6ifa*like+ Tli«ie di&J 

early, 

3 plants of the k^rQ 

333 plants of the franciscamt type including 130 t>pical rosettes 
discarded for lack of garden space, 54.5 per cent. 

78 plants of the franciscana type^ 

40 plants died* before their characters could be delemiined* 
I I as seedlings or yonng rosettes and 29 older plants after 
the culture was set in the ground. 

611 Total of germinatjods, 87.2 per cent. 

It will be noted that the Fi generation in the character of its 
st^rcgates parallels the performance of the generation and is also 
the same as that of the P* except for the addition of fldnefk-Iike 
dwarfs. It is also mteresting to note the percentages of the ti^'o 
largest groups in the three generations. iVen-Lamarckiitna made up 
5.4 per cent, of the lo.i per cent, of the Fa, and 14.1 per cent, 
of the Ffl:, Th^ framis^na type composed 43.3 per cent, of the 
49 5 per cent, of the F^, and 54 5 per cent, of the Fa, The per¬ 
centages of nei^-LamafckiaTUi in tl]e and are probably lower 
than they should be because large numbers of Z.emnrcHa7rn-tike 
msettes (48 in the F# and 10 in the Fi) failed to send up shoots and 
some of these rosettes may have been plants of nea-Lamarcki^na. 
None of the percentages in the cultures can be more than approxi¬ 
mate because of the large mortality w^hich, however* was much 
higher in the F* and F* than in the Therefore it seems probable 
than the percentages of die Fa are more nearly accurate. 

Plant 194U n-2. repre.'ientative of nio-Lumarckiuna^ was 
selected to be patent of the F^ generation. 

The F7 GeveeatioNp and the FoimTH Generation from 
NfO-Ld marckifi no , 

The Ft generationt cukuru 2041. w^as from the Fi plant 19 41, 
1 1-2, the fourth plant to bear the name nm-LafffarePiatm in this 
selfed linen 

The culture was grown from earth-sown seeds in pans kept for 7 
weeks. There were sow n 494 seeds^ the contents of 2 capsules, and 
during the 7 weeks the seedlings which came up and prtMjuced 
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rosettes numbered 224, a g^ermination of 454 per cent. This was 
poor E&rmnation as contrasted wtt the percentiigcs of S74 for the 
F4, 8:2-5 tbe and S7.2 for the from seeds experimentally 
forced to complete germiiiationt and it became a matter of interest 
to see what classes of segregates would bo represented in the culture. 
The results gave striking e^ddence for my contention that the earth- 
sown cuJtiifes of much of the work on CEnothtra hybrids are likely 
to have shown only partially die variety’ and numbers of types 
represented by seeds that germiiiate slowrly or not at all under tbe 
usual methcds by which cultures are started. 

All of the 224 rosettes lived and the composition of the Fi 
generation from earth-sown seed was as follows: 

59 plants of fn^'Lamurckinjm. 

12 plants iMnmrckianaAik^ in foliage but with btid tips more 
like/ranrifrnM, 

5 plants remained as ZjiiKffrfjHflflfl-libe rmsettes. 

147 plants of the/f lyp^- 
I plant of the jmneisfana dmiff type^ 

224 Total of germinations in earth, 454 

Comparing this list of segregates with those of the 4th, 51I1 and 
6th generations it is evident that tlie lower germinadon from earth- 
sown cut out almost wholly the three groups of di^’arfs, r.g., 
the sffrfdadike dwarf, the frurtf^Ja-like forma, and the franDistana 
dwarf typt:^ Assuming that the ne^-LamaTfkiana genotype had not 
changed, a full germination of S7 per cent- would have given about 
430 plants. The representation of nto-Lamarckiana might have 
been about 14 per cent, of 430 or 60 plants and it happened that 
the number of plants of vc^a-lamarMana numbered 59. A full 
representation of the/roHcfrcana type might have been 50 percents 
of 450 or 215 plants and the actual number was only 147* Therefore 
the low germmaLion probably also affected the represcotation of the 
fraTiriscani^ type* There were no hero plants. The justlHcation of 
this speculation will be show n by the performance of the succeeding 
Fft generation which was grown from seeds forced to complete 
germination. 

Plant 204i“i57 w'as selected from the Ft as tlie representative of 
neo-Lamarckiana to be parent of the Fa generation. 
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The F, Ghneratiox, a,vd the Fifth Genekatiox fhom 
Neo-Lamankmm. 

The Fb generatlonp culture 21.41, fTnni the Ft plant 20.41-137, 
the fifth plant of ia of special interest as a culture 

groTiiTi from seeds forced to complete germination following a 
generation of earth-^aown seeds. The oantents of 2 capsules, 622 
seeds, after soaking 24 hours ivere subjected while in water to 
alternate exhaust and pressure up to 30 pounds 7 times during the 
followTng 24 hours. There were 5^ gTerminations within 4 days 
after this treatment and germination w^as completed after 12 davs- 
Apparently an alternation of pressure with exhaust is particularly 
effective in forcing water through the seed coats. The seedling 
numbered 573, a germination of 92.1 per cent. 

It was nec^sary^ to remove the seed coats from 16 germinating 
seeds. 1 'here were 9 seedlings of the sort that I ha\T named :^£umpy 
because the hypocotyd fails to det^elop a root and consequently the 
seedling dies after a few days. Stumpy seedlings are not un¬ 
common in aEnotkera cultures but only recently have I made 
records of their presence. There were 13 etiolated afd^u-lihe 
seedlings which soon died. Other mortality reduced the culture to 
537 plants when set in the field. 

The msettes were not gtouped before planting so there is no 
record of their classification at this stage. This proved unfortunate 
since an unusual drought resulted early in a very^ high mortality in 
the field and J can only judge the probable effects of this drought on 
the groups most affected by the final counts of plants made during 
the summer. 

A new^ ty'pe appeared in this generatiDn which I shall refer to as 
blunt tipSt distinguished as follows: 

Hps^ 

Rosettes. Small wdth narrow obtuse pointed leaves* 

jlfdiwfc fOiinL Short, erect with nanrow- leaves generally obtuse 

pointed. 

Sfpal tips. Short and blunt, 

Flerurefs, Medium si^ed. 

Capsules, Elongated, medium sized^ 

Pollen* Chiefly shriveled grains. 
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In habit of growth, foliage, and inflorescence this type re¬ 
sembles closely O. obhnga from LdutartAtamfl but the capsules were 
not short as Ip that plant. 

The final composition of the F, generation presented the fob 
kmdng distribution of plants: 

72 plants of nro-Lamarckiana, 12.6 per cent. 

39 plants Lamttrtkiana‘\ikii: in foliage but with bud tips more 
like fratuiscana. 

10 plants reitiained as iannircitflfMi-like rosettes, 

1 broad leaved dwarf rosette, BdiieWo-like, failed to mature. 

13 etiolated seedlings and rosettes, o/Wda-like, These died 
early- 

I plant of the kero type^ 

[ plant, blunt ttps^ 

171 plants of the/ranctreana type, 29.8 per cent. 

24 plants remained as/ranciVoiTMi-Uke rosettes. 

23 plants of tlie froficiidraMO dwirf type. 

2ia plants died before thcit characters could be determined, 
23 as seedling or young rosettes and 195 older plants in 
the 6eld, 

573 Total of germinations, 92*1 per cent- 

Since the F, generation presents the same ’v ariety of segregates 
as appeared in the 4 th, 5th and 6th generatfons, it is eWdent that the 
genotype of neo-LAmarckiana cannot have changed materially as 
carried along In this selfcd line. It must also have been the same in 
the Ft and the poor representation of scgregiitea In that generation 
was undoubtedly due to incomplEte germination of the earth-soivn 
seeds as set forth in the preceding section. 

The high mortality among the plants of the F» generation in the 
field, probably affected chiefly the groups of dwarfs and to some 
extent the class of the franciscana type. The 72 plants of w^o- 
Lamarflciana constituted 12.6 per cent, of the 573 seedlings, a per¬ 
centage close to the figures 10.1 and 14,1 for the 5th and 6th gener¬ 
ations. The 171 plants of the /rafJOicono type together with the 
24 /ranciicBBfl-like rosettes constitute only 34 per cent, of the 
germinations which in the 4th, 5th and 6th generations wae close to 
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50 per cent., sp it seemst probable that this class as in the Fi suffered 
lATth the hi^h mortality^ of the culture. 

It is of particular inten^t that the group of nc^i-Lcmartkiana, 
although not large in numberi has proved to be least affected by 
the vicissitudes of sceisotis constilutjng from the 5 th generation on 
from CO to 18 per cent* of the culttnes. 

Plant 21.41-85 was selected from the Fj as the representative 
of ma-Lamarckian^ to be parent of the Fn genera don» 

The F* Ge^^eratioNi ani> teie Sixth Generation from 
Neo-LaTfiarckuifui* 

The Fs generation, culture 23.41, was from the F, plant 
the sixth plant of ii£fi-Laiirar>rHuna in this selfed line. From 2 
capsules 553 seeds, after souldng 24 hours, were subjected while In 
water to alternate exhaust and pressure of 30 pounds 8 times 
during the following i:^ hours. There were 496 germinations 
within 4 day^s and germination wub found to be complete after 35 
days. The seedlings numbered 51^, a germination of 92.6 per cent* 

Stumpy seedlings (those which failed to develop a root) num* 
bered 3 and it was necessary to removne the seed coats from 14 
germinating seeds. There were 23 etiolated seedlings 

which soon died. Other mortality reduced the culture to 442 
plants when set in the field. 

Three new' types appeared in this gene ration, pcfinted tips, 
bushy, and with dJatingnishing characters as described below. 

Points tips. 

Rosettes* Small with acute pointed leaves. 

Mature plants. Short, ereett with narrow^ leaves acute pointed* 
Buds.. Red sepals and reddish hypanthium. 

Sepal Ups. Attenuate and green. 

Flowers. Medium sis^ed* 

Capsules. Elongatedt fair yield of seeds. 

Pollen. About 80 per cent. BhriveletU 

In habit of growth, foliage and acute poioted sepal tips this 
plant resembles scinlithns from Lamarckianu. As with scijitilians 
the low fertility is probably associated with irregularities of chromo- 
some distribution. 
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Bushy type. 

The trmture pUnt is Tvithotit long branthes from the ro^tte 
and it develops in greater number and to much greater length 
those branches above. Otherwise the quite the same 

as fieehLamurekiana. 

Hairy type. 

Rosettes^ Broad ka’v'es. 

Mature plants. Short, erect* broad Ica^'esi* stems ^dth a very 
heav^-^ pubescence. 

Buds. Much more hairy than Jrandscana. 

Sepal tips. Shortt blunts and veiy' hairy. 

Capsules. Medium length, fair yield of seeds. 

Pollen. Chiefly shriveled. 

I have never seen such remarkable pubescence in material 
derived from biennis and franeisaijta. 

The final composition of the generation presented the rot- 
lowing distribution of plants: 

95 plants of ne&-Lamarckianat lS -5 cenL 
48 plants Z*flf«ctrcJfe^wa-like in foliage but with bud tips more 
like francista na . 

24 plants remained as La?warr^lflwa-1ike rosettes. 

23 etiolated seedlings and rosettes^ nfMcfa-tike. These died 
early* 

5 plants of the hero type. 

3 plants, tips. 

I plant, pointed tips. 

4 plants of die busby type. 

T plant of the hairy type- 

241 plants of frandseana type, 47.1 per cent 

I plant remained as ^ JranciscanaAike rosette. 

I I plants of the frandscana dwarf type- 

55 plants died before their characters could be determined ■ 
4S as seedlings or young rosettes and 7 older plants in 
the field. t 


512 Total of gemiinations* 92-6 per cent. 
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The F* generation was in sevefaJ respects of pariiciiiar interest* 
The representation of n^Q-Lamarckiana, 16.5 per cent^ was larger 
than in any previous generation. The ratio of the/raiicfjca™ iype^ 
47.1 per cent., was close to previous hgures when germinatiDti was 
gCKxl and mortality low* Three new forms appeared which to¬ 
gether vrith repetitions of pretnotis typ^ made this generation much 
more varied than any previous culture in this line. 

Plant 2341-335j representative of nm-Lajfmrckmna was selected 
to be parent of the Fid generation* 

The Fytt Generation, and the Seventh Generation from 
Ne^-Lamafckiana . 

The Fifl generation, oulturc 24.41, from the Fi plant 23.41-335, 
the Seventh plant of neo-Lamarckiajia in this selfed line, was the last 
generation grownn The contents of ^ capsules, 433 seeds^ were 
soaked for 6 hours and then treated to altjemate exhaust and 
pressure of 30 pounds E\ne times in 24 hours. Within 4 days 365 
Seeds had germinated, and germination was complete after 12 da>^. 
There w ere 384 seedlings, a germination of 69*7 per cent. 

Stumpy seedlings numbered 16 and it was necessart' to remove 
die seed coats from 26 germinating seeds There w^ere 19 uf^^dn-like 
seedlings and j^onng rosettes w^hich soon died. The culture con¬ 
tained 315 plants when set in the held. 

The final composition of the Fm generation presented the 
following distribution of plants: 

S4 plants of nm/^^Lamt^rckuifui, 21.9 per cent* 

21 plants iLaf^urrHafsu-like m foHage but w^ith bud tips more 
like franci^ccna. 

19 etiolated seedlings and rosettesn ffffrftiu-like. These died 
early* 

2 dw'arfst ffflwrfki-like in foliage and bud characters, 

I plant of the Affro typ^, 

I plant, blunt Ups. 

I plantd pointed tips. 

3 plants, bushy type. 

165 plants of the/fancijcami type^ 48,2 per cent. 

13 plants of th^ franciseatto, da^r/ typt. 
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^ narrow-leaved dwarf rosettes failed to mature - 
5^ plants died before their characters couJd be dctemibedp 
49 as seedlings or voting rosettes and 3 older pUnts in 
the Held* 

384 Total of germinationSp S8.7 per cent. 

The F m generation gave again examples of btuni Hps, pentad tips, 
and the bushy iypt which first appeared in the ninth generatiqn. 
The repretientation of ffEo-L^marcki^na was 21.9 per cent-, the 
highest percentage in the series of seven generations (Table \T.). 
The r^tio of the/rflnriscflfja type, 48,2 per cent,, was again close to 
prevdons figures, 

CteOssES BETWEExX Biennts jVXP N^^’-Lanmrckitinu. 

My studies have concerned themselves chiefly mth rultures from 
it^(hZ^a7naTcktdrTta designed to establish by selection the genetypeand 
to reLOrd its behavior throtigh a number of generations. Crosses 
have, how’cver, been made with Mennis to determine whether nsih 
LaTttarckiana would, like Lamarckianu, produce twin hybrids. 

T he cross frienijfj X was studied in two cultures 

(16.44 “^Tid 17 - 44 ) from seed forced to complete gemiinatlon and both 
cultures presented two distinct classes of plants: (i) a type similar 
to bt€nms in flower structure and In having broad leaves and stems 
mostly without red papilla^, and f^) a t^-pe suggesting/rcttmcBTrc in 
its narrow leaves and stems bearing numerous red papillas but unlike 
franmeana in having generally small flowers. The types were 
readily separated in the rosette stage (Fig, 9). Therefore, we have 
from this cross twin hybrids comparable to those from biennis 
X Lamnrckinna and separated by differences of habit and foliage 
such as distinguish the twin hybrids and vrlutina of the latter 
cross (de Vries 1915), Flower size and structure did not follow a 
clear system^ both classes presenting a wide range of variation* 
The distribution of the two classes is show a in Table L 

The reciprocal cross, nro-Lam^r^hiafta >C biennis, involving ihc 
same parent plants as the former cross^ was likewise studied from 
two cultures {1643 and 17-43) ^Iso grown from seed forc«l to com¬ 
plete germination. The seedlings started light green in color and 
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weak, and surh ro^ttea and older plants aa lived had light ^reen 
leaves and never became strong. Only 5 plants (1743) reached 
maturity'' and these had a habit and leaf form similar to tntnnii 

TABLE L 

Twin Hyboids fxdm tile Cross btennts X fK^LamarrMana^ 

Class tp plants In kibit and ro having broad leaves and Etems 

mostly without red papJlx. 


CIhes 2^, plants suggesting franeiimna in hai’ing narrow kavea ao-d stemE vith 
nirmerous papills. 


diaiacw- 

Total 

PnccniAie 

eibnti 

FIaiiUi 


Ocrwiita- 

af Ctfttii- 

ia 

ill 

Pbcd- 


rliwi. 

notion. 

CtaBS L 


16.4^ 

V 

1ST 

g *_4 

11 

top , 

7 

17^ 

m 

gjji 

B 

iSS 
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but with stems red papillate. Thus, as far as espressed, this cross 
gi^-es a UEtiforxn progeny as docs the cross iMmarckiana X tnmnis. 
The record of the cross is given in Table U, 


TABLE 11. 


Recorps rwOH the Ckoss iw-L#i7ran:i^4«ia X himnis. 



T{3I^ 

IWr^taji^ 

iL™,th™«h: 


“ 

C^FltiiTr ■ 

C€JOlliia-- 

oE Omni- 

thit SiUMilfir 

Mj%tirrity+ 

Di^. 



□jlEUtlL 

Bjf RoKmi- 




lot 

^4^1 

34 


77 

^7*43 



15 

5 

1^5 



Fig. 9+ Young rcKCfttea oF the cross bimnis X ifAf-XnmarfjNuifB (]&44)« 
rcprEscntntf^'? of the twTJ rU&$€Si similar to the twin hybrids ism and vf/ultNa 
from the crosa X iMmarckiuna. 
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We findi therefore, in rhec^Olk^e5 to hmnis that n£Q-Lamarckiana 
as the pollen parent behaves in the same manner as does La- 
marcktana to the same plantp producmg twin hybrids comparable to 
lata and veluHna. It tviU be remembered that this behavior of 
Lavmrckktna is held by critics of the mutation theory of de Vries 
to be strong e%^dence that Lamarckiana forms two classes of fertile, 
gametes and is therefore heterozjtrous. The similar behavior of 
ntG^Lamafckiatta, a known hybridi giv'Cs siibstantial support to 
this criticism of the purity of Lamarckiana. 

The Behavior p When SuurEDp of DER3A"ATrvEs from 
Nea-LaTnarckmna, 

There is given below the bchavnor, w hen selfedi of derivative 
from n^o-Lamunkiana as listed in Table \ I. 

The franeiscuna type. 

This form which always appears from nea~l^marekiana in 
numbers close to 50 per cent, of the culture was tested from a selfed 
plant, through culture 2442* The contents of one capsulCp 4B2 
seeds, on forced germination * gave 467 seedlings, a germination of 
^6r8 pec cent- The rosettes were uniform and /roWdrfsrnTiadike 
except for one narroTv-leaved dwarf which on maturing proved to 
be a plant of panted lips. The cTultnre matured 4^3 plants all of 
th^francisciina type except for the one pmnled tips. Th^ fmnmscana 
type may then be considered os breeding true and since it has 
almost perfect pollen output and almost complete seed fertility 
the type is probably close to homnstygous. 

The francisetsjid d^^arf type. 

This plant, like the fmnchcana type, has always been thrown by 
ne&~Lamunkiana, hut in much smaller numbers (see Table VL)^ 
never above 13 cent- of the culture► A soiled plant gave on 
forced germination culture 3443 with 255 seedlings from 330 seedSp 
the contents of one capsule^ a germination of 77.3 per cent. There 
matured 233 plants all of the Jranctsaana dwarf type. The high 

* Farcied g^rmiiuktiim m this «cliun af the paper means that the seeds after 
soaking in [or 6 hdiirB w^re treated td alternate and piesinrce to 

30 poujidsp 5 tim^ In ^4 hoursi. 
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cle^ee of seed fertility aod ^most perfect pollen together with 
this breeding test indicate that the Jrancisfan a dmirj type cannot 
be far from homozj'gouB. 

Albida-tike. 

This plant type similar to albida from EtQtntifek^^na in bag’llng 
etiolated leavea on its small and weak seedlings and young rosettes 
has newr matured, even when proieoted, and consequently has 
gi\^ me no seed, 

Nanella-tike. 

This form, siniilar to naHcUu from lAitnaTfkidinii as rosettes, m 
dwarf habit mfd in foliage and bud tips, but with flowers of various 
size, was tested in culture 1945 from a selfed plant. The contents 
of two ^psules, 306 seeds, on forced germination gave l&fi seedlings, 
a gemaination of 81.6 per cent. There matured 141 plants breeding 
true to the characters listed above. This true breeding together 
with the good seed fertility' and good pollen development indicate 
a high degree of purity in the type. 

The hero type. 

As with other tripkid plants of (Enalkera the fertility of the 
kero type is very low and numerous seLEngs must be made to obtain 
seed. Ttius. 26 sclfings of a plant (23.41-404) gave only 177 seeds 
from 15 shriveled capsules and these on forced gcrnunation pro* 
duced only 29 seedlings (Culture 2445, Table JIL), A largo pro¬ 
portion of the pollen grains are four bbcd, but almost ail are 
Bhrtinken and dead. Seed sterility' is very high. 

Cultures have been grown from five different plants whh results 
as shown in Table 111. The variation in tire progeny was extra¬ 
ordinary' but most of the plants w'ere weak or dwarf the mor¬ 
tality id the cultures was high, A few^ plants appeared of the kero 
type. One plant (2043-3) presented 28 chromosomes, but its 
progeny (Culture 21.43, Table III.) although fairly large consbted 
of weak rosettes which failed to mature. Two plants on examina¬ 
tion gave chtomoBorne crjunts close to and il seem^ safe to con¬ 
clude that the hero type ia generally triploid- It is obvious that the 
hero type Is strongly heterozygous. 
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Blunt li^s. 

The contents of one capsule, 256 seeda, on forced germination 
produced 241 seedlings, a germrnatian of per cenL The 

culture, 2446, numbered 205 plants, when set in the field, of which 
all lived except 2 narrow-leaved dwarf rosettes. Of the 203 plants 
which matured only 9 were hlunt Ups; the remainder w^ere fmn- 

It is clear that Muni Ups^ is heterozygous and the reason why it 
produces so few' of its kind is probably the high degree of sterility 
of its poLlen. Blunt tips apparently develops very few^ gametes of 
its kind but many of the/raffrisrnMn typt ’which accounts for the 
large number of plants of the latter in its progeny. 

Pointed tips. 

This interesting plant has appeared only twice from nt&-La- 
niarckian^s^ one plant in culture 23.41 and one plant in culture 2441. 
It has, however, been throwm once by franciseuna^ culture 23.^11 
and is the only variant w'hich frandsesma has produced in the ten 
generatinns of this line which I have grown with ita total of about 
2,300 plants- 

Plant 2341—156 from nto-Ldimafckiana produced only 28 seeds 
in two shriveled capsules and none of these germinated. I had 
better results from plant 23.21-165 thrown hy Jraneisfana. The 
contents of one capsule, 384 seeds, on forced germination gave 361 
seedlings, a germination of 94 per cent. This culture^ 34 ^ 25 1 
matured 332 plants all/raffmrnfifldikE except for 3 plants of points 
Ups. Reciprocal crosses between plant 23.21-165 and framiscana 
gave in both cultures, 24.26 and 24.27, only francisi^atm except for 
3 dwarfs. Since the pollen of pointerl tips is 80 per cent. ahri\"eled, 
it seems clear that this plant like blujU tips is heterozygous and 
de^Tlops very' few gametes of its genotype but many of the/run- 
ciscana type so that its progeny is almost w holly of the latter* 

Busky type* 

The bushy type, w^hich differs from neo-Lamarckiana only in Its 
habit of growth, gave a progeny when selfed veiy" much like that 
of the latter. Culture ^4 48 started with 272 seedlings from the 
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forced EerminalJon of 395 seeds, the contents of one capsule, a 
germination of 92.2 per cent, which was dose to that of 
marckiana. The final composition of the culture was; 

29 plants ol neo-LamuTckiaiia, 1 

40 plants of hiiihy type, | cent. 

11 etiolated seedlings and rosettest aiJido-like. These died 

early. 

I plant of the kero type, 

I plant of A«j>y type. 

164 plants of the/rancMMiM type, 60. 3 per cent, 

13 plants of the franciscatta dw/xrf type, 

3 naiTOw-Ieaved dicarfs. 

to p lants died before tlieir characters could be determined. 

272 Total of germitLitions, 92,2 per cent. 

This performance was so dose to that of mfii-ioiwflrcJbana in the 
character and proportions of the derivatives that one may wdl 
doubt whether Ay type Is genetically distinct from this plant. It 
seems more probable that its peculiarities of habit represent only a 
modification under cultivation. 

Hairy typi. 

The contents of one capsule, 216 seeds, on forced germination 
gave 16S seedlings, a germination of 77.7 per cent. The culture, 
^ 4 * 49 i matiinty couto-med the followingi 

35 piantB of the hairy type. 

106 plants of the/fann'jcfl iia typt, 

12 plants of th^ frandsfana dwarf type. 

I bTXJad-ieaved dw-arf rosette. 

I linear-leaved dwrarf rosette. 

^jc^^lants died before their characters could be determined. 

168 Total of genninationB, per 

The hairy type ie clearly heterozygous and as w ith blunt Hps and 
pointed Hps gives the frandscana type in large proportions. Its 
pollen is largely shriveled and it seems probable that this form of 
sterility may eliminate gametes which if produced wonld give higher 
proportions of the hairy type. 
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Discussio_v. 

The body of this paper has sho^Ti that (EntHliera nea^La- 
mafckiana through successiTL^ genemtiaiis in a aelf^ line throws 
similar sets of new types, each type with its own range of frequency" 
and all vex^' different from one another. This is behavior parallel 
to the production by Laniarckiana of jts particular set of mutants/" 
Any new type from n^Lamarckicria is a iiiutant when it becomes 
clear that an active new gene Is present In its genetical constitution 
Or when a gene is lost or rendered intpotent. It is easj" to state 
such conditions for the proof of a mutation but quite another thing 
to establish evidence for a particular case- The present study 
does not attempt to analyze the genetical constitution of the now 
t>T3e& from neo-Lamarckmnii.. It does, however, make clear that 
a hybrid performs in a manner similar to that of La- 

marckianu and thus thereby strongly Indicates that Lamarckiana 
is itself heterozygous. 

My studies have concerned themselves chiefly with cultures from 
wfo-ZrUimurrifetartu designed to establish by selection the genotype and 
to record its behavior through a number of generations. It has 
become evident that the genot^^pe is heterozygous and there is no 
evidence that selection has changed its character. The breeding 
behavior of Tiefi-Lamarckmfm in the seventh generation was quite 
the same as in earlier generations so far as the more tomnion of its 
derivatives are concerned (Table \l*}. J^^co-Lamarckuina can be 
depended upon alwayns to throw certain variantf; in fairly fb^ed 
proportions. Other rariants are rare and appear only occasionaJly 
or in small numbers. When bUnnis is pollinated by nfo-iu- 
fliorrSiUM, twin hybrids result. The derivatives from nt^-La- 
wiarc^fai^M: when setfed twhave variously. Some are csseotially 
homozygous as the JraFfcisravia iyp^t the franci^mna dwarf type, 
and fmft^/k'like. Others are clearly heterozy'gous as the hcra 
lyp€, blunt iips^ paintfd iipSu and the hairy type. Tims in various 
respects we see that neo-Lcmarckiana and its derivatives behavne in a 
manner similar to that of Lamarckiami and Its "mutants." 

<Jf the derivatives from neo-Lamarckiuna some show wholly or in 
large part characters of segregates. Xoiable among these are the 
franciscaaa iyptf the franciscana dwarf type^, and Ji^w^^ia-like. 
Others present peculiarities difficult to associate with either parent 
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as in the hero type, btvnt tips, pointed tips and the ftairy 

type. These may be truly mutants although my studies do not 
prove tliem to be^ for it is not always easy to establish a diaracter 
as wholly new to the ancestry of any line of plants or aninials- The 
highly heterozygous character of these plants and their poor breeding 
through high degrees of sterility make them very difficult for study. 
If they are mutants it is important to recognise the fact that they 
have been derived from the hetErn3:5=^us or impure species neo~ 
iMmarekiana, 

A matter of particular interest in a comparison of neo-Lti- 
murckmnn with Lamarckiana is that of sterility both gametic and 
Tygotic. The pollen grains of Lomurekiunn are about 50 per cent- 
shriveled. The pollen of neo-Lamarckhfm has been examined from 
the Fi plant 15.530^ the plant 16.4!+ XIX-4, and the plant 
^41-157 (all plants being of the line described in this paper), 
and the results show uniformly 50 per cent, or somewhat more of 
shriveled grains. In this connection it is of inijercat to note that 
the parent species hiefinis has 50 per cent* or more of shriveled 
pollen while that of framiscam is almost wholly perfect. La¬ 
mar ckiana and neo-Lamar^kionUt therefore, agree iti showing about 
the same degree of pollen abortion. 

With respect to seed sterility, how^ever, Lamarckiana and jiea- 
Lamarckiana present sharp contrasts probably of important 
geneticai significance. 1 have a five-year record of the seed fertility 
in a line of LamaFekiana wliich I am cairjfng and ivhich originally 
came from seed of de Vries. The results uf cultures from seeds of 
this line, forced to complete germina.rion, is gi’ii’eTi in Table IV* and 
agree closely with the findings of de Vries and others. CEnoihera 
Lamarckiana has a seed fertilityt differing somewhat in various 
Imes, but apparently rather close to 55 per cent. 


TABLE TV. 

SEliEi! FJvRTlLnrY r?f A Lthe df (Eneihera Lamamyami, 


Cnktim Mr 

Pkinmt FbTit. 

liktwiflL. 

ScdlUni|p^ 

of 

GcrmliiBticMi. 

15.10.- ......... 

14.10a 

701 C3 caiifly lM) 



16.10,^ . 

i^.ioa 

asrS caiwtilei 

56 

36.1 

17.10,, , ^ + 

I'&.ioa 

550 (3 oipiLik^) 

[gs 

36^0 

le.io,, „. . 

17.104 

loj [i capsule} 


39-3 



J54 tl capsule} 

#4 

37 kO 











DAVIS—CENDTH ERA XEQ^LAMARClOANA 273 

The seed fertility of nco-Lamarckian^t is high, about go per cent. 
My record for the Hue in cultures forced to csomplete gernaiuation is 
given in Table V. where are also induded data from certain earth- 
sown cultures in which the percentage falls far below* the proper 
figure (see cultures 13.35 p 15.53 and 20.41). shdwHng that earth- 
sOwTi cultures of this material must give only a partial expression 
of its possibililies. 

TABLE V. 

Seed Fi^anumr is a Line oe <Eif4Ji'AeTa 
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Fi 13^1. 
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Fi* ^4.41, 

33.41-335 
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433 
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It will be remembered that nco-^Lumauhuina tlirows a large 
group, the/mrtctrrnMU iype^ oonstituting about 50 per cent, of the 
cultures and also a numerous group, the franciseana dwarf type. 
LcmarckiaTta presents no groups of derivati\^ comparable to these* 
its " mutants” being in small proportions as is true of the various 
other forms throwm hy n^ 4 i-Lamarckmna. A correlation is at once 
suggested between the high seed fertility of nco-Lumarckinttat 
about 90 per cent., and the appearance of the fTan^iscam type 
and the franciscana dwarf type. Conditions in ne^-Lamarcki^nit 
rendering sterile all or almost all of the seeds representing these 
two classes would give to nan-LawircMtiim a seed fertility below 
40 per cent.t a figure dose to the seed fertilit^^ of Lnitiarc£!tafti!i. 
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Is there anv "mutaTit" of LajitarckitiTia which us the frannscanA 
type from neo-Lamurckiana may suEgest a parental form? Of its 
"mutants** rubrinervix and eryikrina arc plants most similar to wild 
mnotheras in habit of growth, narrow leaves, and red pi|unentation; 
they have the appearance of weedmess welt known to American 
botanists, an appearance not showTi by such’forma as sfiniillans, 
obhtiga, nanelta^ gigas and others. If one were to make a guess 
from tlie offspring of LamarckiaHa w'hich were most likely to re¬ 
semble a putative parent ancestor, these plants would be selected 
because they have rather closely the characters and appearance of 
certain American wild species. It should be remembered that 
rM 5 rt'»emr and erytkrina are similiLr escept for the brittleness of 
the steins of Both plants come out rather rarely tn 

cultures of LamarckraHa but may this not be due to the high seed 
sterility of this species? In short, may not these plants be lepre- 
sentatii'e of types resembling a parent of LuHiareinotia, but a type 
which rarely appeals because suppressed by conditions that de¬ 
termine the low seed fertility of iUnnarcHuna/ 

The very large group of /rancfscaBa-like plants appearing with 
every generation of neo-Lamarckiana may be thought of as re^’ersion 
towards one of the parents of the cross. But, it should particularly 
be noted that no forms approaching the biennis parent have been 
throw'll in the line from neo-Lamarckiana, Such forms should be 
plantshaving broad leaves, green sterna, a flat-topped inflorescence, 
attenuate sepal lips, and medium-sized flowers with stigma below 
the tips of the anthers (autogamous). It is true, however, that a 
group of 14 gretn-stemmed plants with small flowers appeared in 
tlie F- from a plant 13.350, sister plant to 13.35c of the line which 
gave tteo-Lamarckiona (Davis 1916a, p, zy/o). 

'rw'o Ij-pes with characters of biennis have been reported by 
van Ov'ertem (1932) frOm a line of Lamarcitiana. Tlie firett de 
hriefii. Was a plant with 15 chromosomes derived from Lamarckiana 
semi-g^gas. The second with I4 chromosomes came from tie Vtiesii 
and was named biennijortnis. Both plants resembled biennis in 
foliage, inflorescence, buds and flower structure. Both had, how¬ 
ever, red papilla over the stems, a character, as far as I know, 
never present in O. biennis. These hndings of van Overeem are of 
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interest indicating some bietinisAik^ anocbtor in the hi5tar>' of 
Lamarckiana, [L is noteworthy that de Vriesti should come 
out of LamaT{:kuina semi-gigas^ a triploid plantp froin which one 
may expect onusuai fl^regation phenooiena in the maturation of 
gametes. 

The fact that nea-lMmarrkiana has in many respects the s^-stem- 
adc chajacters of Lumarfkiana is^ of cout%, more a matter of horti¬ 
cultural and taxonomic interest than of genetical significance- It is 
clear from its breeding that nea-Lamarckiana is not close to the 
^natype of Lamarckiuna, but the similarity of its behavior in kind 
indicates that Lamarckiana is an impure species and its '' mutants*' 
the products of a hetetozj^ous germ plasm. There is value in this 
demonstration of the origin of a large-flowered vigorous garden 
product since it shows how easily Lamarckiana might have arisen 
as a hybrid out of the complex of {Enoihera material i>resent in 
Europe in the earlier part of the last century (Davis 1913)* 

Summary. 

In Table \'L there is presented the record of CEmlkera uEa- 
Lamarckiana in selfed line through the seven generations that have 
been grown and from this record and other data presented in this 
paper the following conclusions seem evident; 


TABLE Vh 
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1. With respect to the genotype neo-Lamarckwna no changes 
have been noted In the appeiktance of its characters from generation 
to generation. The hgures in Table VL suggest an increasing per¬ 
centage of these plants as the generations followed one another^ 
but it is not safe to draw conclusions since in ev eiv' culture! there was 
mortality and there were also numbers of f-anmrc^tBNa-like rosettes 
which failed to produce shoots and we cannot know to what extent 
ratios may have been modified by these factSn It is clear that in 
nco-Lamar^kiana we have a representative of an impure species 
breeding tme through a certain proportion of its pre^eny while 
obviously producing odier t^^pes of viable gametes than those which 
in union with one anotlier reproduce the parent ww-LofflarcHcRCt. 
The plant is, therefore, heterozygous and the t^pe has not been 
fixed by isolation through selfing^ nor is there any reason to believe 
that it e\^ woidd become homozygous. Thus as an impure 
Species nco-Lamar^kiiina may properly be compared wdth Lc- 
marckian^u 

2 . Ne^-Lamafckiana through successive generations always 
throws variants. Some of these have always been present when a 
culture fully expressed itself: fiuch are the francisc^Tia lype^ the 
frun-cis^ana dwarf typei a{bida4lk^j and the hero type. Other 
variantSp appearing in small proportions, have not always been 
found its cultures w^hich generally numbered under 500 plants; 
in this group are naneUa-Uk^, blunt tips^ pointed Hps, bushy type^ and 
hairy type. In the nature of this behavior neo-Lamarckimm 
parallels that of Lamarckiona. 

3. Unlike Lamarckiana my neo-Lamarckiaua produces one 
^=^riant in large proportions* This is the francisaana type w^hich 
has generally made up close to 50 per cent, of the cultures. Thus 
we have in nea-Lamarck an impure species which combines the 
behavior of Lojuarckutna in throwing certain variants in small 
proportions with a special peculiarity of producing in large pro¬ 
portions a type similar to one of its parents. This peculiarity 
seems to be correlated with the much higher degree of setd fertility 
of neo-Lamarckiana* 

4. Every' generation from nea-Lamarckiana has shown a rather 
large assemblage of plants LomflrrjWafsd-like in foliage but wnth 
bud tips more like/raumcaBfl. This group has appeared in some- 
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wh^t smellier prop<3rtnon& in later generations but it is not safft to 
conclude that these facts indicate a chimge in die behavdor of 
Tie&~Lamarckiana, 

5. ITic cross biennis X nee-Lumarniiana give^ twin hybrids: 

(1) a type similar to and {2) a t>T>e suggestinE’/rawciscawfl 

in having narrow leaves. This is beha\rior eimilar to that of die 
cross biennis X Ltimarcrjtnifia resulting in the twin hybridSp UEta 
and veliiiina^ 

6 . The cross neo^Lamnrekiitnit X biennis grv^es a uniform 
progeny but the plants are light green and rarely live to maturity. 
In the fact that the progeny is uniform this behavior agrees w^ith 
the cross L^mttrckinna X biennis, 

7. Some of the derivatives from nen-Lamarektcna breed true 
except for rare variants and these forms have good pollen and high 
seed fertility. They are th^ franeiscana type, the fmneiseana dwarf 
type^ and fr^ne^/a-liketand may be considered as close to homotygous. 
These forms in many characters appear to be segregates^ 

S. Other derivatives are clearly heterotygous, breeding not at 
all true and exhibiting very large proportions shriveled pollen and 
high degrees of seed sterility. Among these the hero type is ap- 
parendy triploid with 21 chromosomes, one plant appearing with 2B 
chromosomes. Other forms, blunt tips^ pointed iips^ and the 
/wiry type, reproduce themselves in very small proportions but 
throw large groups of the frandscana type wath occasionaJ other 
forms. 

9- The derivative, aJi^a-likei is etiolated and too weak to 
live. 

10. An mteresdng plantt bushy type, easily recognized by its 
habit of grow th, gives a progeny similar to tJiat of neo-Lamarckianar 
and IS probably not genetically distinct from the latter, its peculi¬ 
arities representing a modification under cultivation. 

11. The pollen of nea-Lumarekiafta consists of about 50 per cent* 
shriveled grains as is also true of Lamarckiona. 

12. The seed of mo-Lamarekiana is about 90 per cent, fertile in 

sharp contrast to that of Lamarckiami w^hich is only about 35 per 
cent, fertile (vmy^ing with different lines). It seems probable that 
the high seed fertility of is correlated with the 

appearance of the large class of the/rafrrficdMa type^ constituting 
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about 5« per cent, of its progeny, togetHer with the smaUer group 
of the Jranciscanti du^atf £ype. 

With this paper I am closing the line of studies on neo-lM- 
marckiana and its derivatives. The ramifications of such studies 
might lie followed indefinitely but 1 do not think that their findings 
would justify the work necessarv^ and there are other subjects of 
CEnothera investigation that sccin to me of greater interest- This 
study has reached the conclusion which was in my mind when the 
problem shaped itself some twelve years ago. They have shown 
(l) How an obviously impure species, OFjwthtra nei^-Lamarckiana^ 
may arise; (2) That such an impure species may maintain a constant 
condition of heterozy^gosia of the same genetieal constitution al¬ 
though rigorously selected to its (3) That it thrown with each 
generation similar seta of dert\wtives in fairly fised proportions; 
(4) That some of its derivatives have characters of segregates and 
breed true, and that others are heterozygous; (5) That condittons 
of sterility suggest probable rea^ns for various vagaries of breeding 
behavior. In the various points of beha^dar outlived abov'e ne&- 
Lamarckiana and iJifnarcki^na agree, 

UsiVEaSlTT OF MlCHlCiAN, 

Ann Ann oil, MlCH. 
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PNEUMONIA IN PITTSBURGH. 


Bv EWALD TOMANEK M.D., Br. P.H, A^fl> EDWIN B. WILSON, Ph D. 
{Read April ^4^ J 
I. Intboductiost, 

t. Inddent to a general sEatisticial study nf the epidemiology ol 
pneumonia begim by Dr. Tomanek, Fellow of the International 
Health Board, under the supervision of Dr. M. J. Rosenau and con¬ 
tinued in association with Professor WilsoUp it became early evident 
that stabsticaJl3'' speaking the figtirts for the dcatli rate from pneu¬ 
monia in Pittsburgh would not fit into homogeneous series with those 
from other large cities. That is to say, if the frequency distribution 
of the pneumonia death rate in large cities ts set up and the statistical 
constants of the distribution (mean, mode, standard deviation, skew¬ 
ness, and kurtosis) are determined the death rale for Pittsburgh is 
50 high that it ha^ such a major effect In the detemittmtion of the 
values of some of these constants that the statistical description of 
the frequency distribution is markedly different according as Pitts¬ 
burgh is or is not included in the list df cities. 

2. For example with the data for 1922 j 

PsTEUMOKlA DzATII RjVTt PES 100,000 IS ClTHS OVEl lOO^OOO;. 

R 10 30 ^0 7 & 90 110 T 30 150 170 1430 * 290 

f i I 4 10 12 11 la 6 3 I * I 

The rates R advance by 20*5 and the frequencies F are the number of 
cities reported. Pittsburgh exceeds the neares-t dty hy 100. The 
statistical constants with and without Pittsburgh are t 


Fi< I'HthiTTgii ■ Wkii 

Mean.,*,,. _ ± 4-5 106.7 ±5^2 

Median .. . . . .100,9 joi.E 

StandanI deviatinn . - 36,1 ± 3^1 42.0 ± 6,0 

SkfiTiTvesa X - - — -U2 ± .10 .31 zt 

. 003 1315 


fit ™ 1*4/111* - - + + + + 3 ^^ ?'^4 

Mode ., .vh ., + + -r4 »!> ,-fe>-i ‘ i 03 -*-i 93"7 
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(For method of caloilation see R. PesrU ^ Biometry and Vital Sta¬ 
tistics," Oiap. XIIL) WTien Fittshnrgli is rejected the curve is fts- 
sendally nomiaJ j wheu it is retained there is a decided skewness and 
a high d^rec of leptokurtosis. Although the number of dties (66) 
is small so that the constants have large standard deviadons^ a large 
degree of statistically significant difTereoce between two cases ean be 
inferred from the persistence of similar differences year after year,* 
which in effect increases the mitiiher of data. Another test is found 
in the simple comparison of the deviation Pittsburgh— mean = l 3 o 
with the standard de^dation of 42 or 36 which shows that the devia- 
tEon is from 4 to 5 times the standard and should not occur once in 
66 times, nor once in 10,000 times, if we use tlie ordinary table for 
computing chances- 

3. When one meets such a condition of statistical instability due 
to a few outstanding observations several courses are open: (i) It 
is possible to appeal to the argument of the " huge error'' and simply 
discard the anomalous figure. This simple if somewhat cavalier way 
out of the difficulty^ though often Justifiable in a case g£ a single up¬ 
setting observation, is hardly satisfactory when the same anon^aly 
persists year after year. (2) One may adduce the argument of ex¬ 
ceptional circumstances which in this case would be to point out the 
smoky nature of the PitEsburgh air* (he intense industrialization ol 
the Pittsburgh district, the hea\7 work and high temperatures to 
which labor in the steel industry is exposed, etc. There are however 
other smoky cities^ other highly industrialized districts* other centers 
of manufacture in the iron and steel trades; and the solution h not 
to be found so much in the dismission of Pittshurgh for the general 
arguments thus adduced as in ihc detennination of how ntuch of the 
anomalous situation reJadve to pneumonia there is attribuLable to 
each of the factors and whether taken together they will account for 
the whole. Such a study would take dme and much money directed 

1 la ipzo which showed a recrudesctncc of tnfluema we have 

R .... go iio 13Q ISO 170 igo 210 3 ^ 230 ajn * jgo 

F .... 2 g 7 10 8 17 6 j I 2 • 1 

and PiLtabiurgb leads by 12a The mean fqr igao was 165 and the Standard 

d-eviaeJon was 53+ Pitliburgh iepaninff from the mean by 4 timei the sfnndard 

drviation. 
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toward the quatitihitive measure of ihe irarious factors concerned and 
would depend for any chance of real success upon the active coopera¬ 
tion of the employtncTiit, weltarep and medical departments of the in¬ 
dustry itself in assemhling morbidity and other statistics which are 
not now kept. (3) It is possible to analyze in detail the statistical 
material available to determine whether there is internal evidence that 
some at any rate of the excessive number of deaths reported as due 
to pneumonEa in Pittsburgh may not be due to other causes^ It is 
only this relatively simple problem that we here attack. We desire 
to present the facts so far as we have been able to collect and digest 
them. 

4. Crude Pneumonia BeaUi Rate, 1873-19^3 —^0 far bade as 
mortality statistics are available two things are dear ; first that the 
rate from pneumonia in Pittsburgh is hight second tliat it is getting 
higher. Tlie mean number of deaths from pnenmonia per loo.QOO 
population, as Teported by the city ofhdaJs and city heaitli depart- 
mentp during each of the past live decades are 

J0ii-3a 

13 / 0 -^ ja*.o 343-^ 

Omittfog the year igrS when the influenza epidemic upset the normal 
pneumonia figures throughout the whole country, the lowest tale for 
Pittsburgh was 99 in 187s the highest was 3®* igao. The 
last annual figures that we have were kindly supplied by Dr, C, J. 
Vaiix, Director of the Pittsburgh Department of Health, who under 
date of Feb. 13, 1934, writes , for the year 1933: Deaths (all 
causes), 9,633. Rate per M, 15.6 (including non-resident deatlis of 
1433). Violent deaths, 766- Pneumonia, all forms, 2,297." 
noteworthy that for a city with a shifting population and a large 
number (15 per cent.) of nun-resident deaths the general death rate 
of 15,6 is not especially higli that the violent deaths are 8 pet cent, 
of the total; and tliat pneumonia as reported gives a proportionati! 
mortality of 24 per cent, and a specific death rate of 3®*^ ^ 9 ^ 3 ’ 

* AdjuGUnciU from crude to standardked rate would raise tbe figure to 
atwnt rd6; the Pittsburgh rate is high, higher than it should be even with all 
atiowaaces, hue with proper allowances the general death rate does not ap¬ 
pear to he inordinately high aa is the case with the specific death rate from 
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practically identical ^vith its 1920 maxiitiuin^ lilghest of all large cities 
in the Umon^ and from 2 to 3 times the mean, median, or modal rate 
for all large cities. 

II. Details with Regaeh to the Years 1900 - 1920 . 

5. Our registration area in this country has been steadily expand- 
ing from a rektivdy small number qf states in tSSo to a relatiTcIy 
large number today. Contemporaneously there has probably been a 
consideirable increase in the rdiahUity and comparability of the ma¬ 
terial. By the year 1900 a large area was already available and 
pneumonia had become subdivided into lobar and broncho pneumonia. 
It ]5 believed that the period 1900—1920 is on the whole the best in 
which to study in detad the general situation with respect to mortality 
from pneumonia and the particular sitnatipn in Pittsburgh. For this 
period the mortality statistics for pneumonia as supplied to us by the 
Cit3' Health Department of Pittsburgh can he subdivided and tabu¬ 
lated in narrow age groupings. The physician signing the death 
certificate is supposed to report as pneumonia every case of lobar 
pneumonia (FrankelAVeichselbauni^ type I.-IV,), the bacillary 
pneuinonia of Friedlander, bronchitis capiLlaris of little children, 
atv^pical pneumonia, etc. Any pneumonia, lobuJar or tobar, which 
terminates a disease such as measles, whooping cough, scarlet fever, 
organic diseases of the heart, or the degenerative diseases, is supposed 
to be stated as a secondary cause o! death. The multipHcity of 
cause>3 of pnettmoma, its various forms, the wide range of the clinical 
picture on the one hand, and on ihe other the limitations of the al¬ 
lowable nornenclattire of pneunionEa in the death certificate are the 
large and probably the main sources of unreilabiJity and icmcairacy 
in pneumonia statistics. Although we give the figures for the sub¬ 
divisions of pneumonia, it seems reasonable to expect that those in 
the whole gruup *" pneumonia all forms have a higlier degree of 
trustworthiness and significance and should he used as a primary 
basis for the study, 

6. The course of the crude death rate from pneumonia in Pitts¬ 
burgh for the 21 years 1900-1920 is given in Table L and Fig, 1 . 
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TABLE I (See Fig. I.L 

CkudB Death Rate fkom PjiEU«ojiiA is PiTisflUEGH igoo-l^^o pee 100^000. 
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* Mcas %H]ueE of the year 1917 aod the yeux 1919 for lobpr. 


The synopsis of Taile I- with reference to extreme value3* means, 
standard deviations and yearly trends is as foUows: * 

Pn^iiirmitia Fonns: Range between 163 in 19D0 and 365 in 
igi^i (S93 in 191S, influenza year). Meart = :Z56 i 12, S,D- = 
56 ±. 8^ Trend = + lO. 

Bronckopn^twionia: Range between ig in 1900 and 195 in 1918 
(influenza year). Mean=89.2 ± 9,6, S.D,=44^ Trend ^ + 6. 

PneufKonio Lobar and Undefined: Range 106 in 1907 and 262 in 
1917t (696 in 191S). Mean = 167 ± 9^*^ S.D. = 41, Trend—+ 4^ 

Bronchitis: Range between 17 m 19^ and 60 in igoS. Mcan^ 
35 ± 2., S.D. = 9, Trend — — .8. 

For comparison Fig. 2* gives ior the ten original registration 

•In cDinputation of tht meap, trend, and dispersion the mflueni:ie of tbc 
ivvj high data for pneumonia in the influenza yar (iptfl) has hecii diitilnat^ 
by udng itistiad of the rcpoiied value lor 1916 the mcafi value of the yean 
1517 ami 1919- 

* Thc figures throughout this artide are on semi-log or rarki paper with 
tht lugarithmic scale vtrticaL This not only eimblu m to put bto a graph 
19 
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States of 1900 the raurse of die diseases showti in Fig, [ for Pitts¬ 
burgh* In both the exceptional cotiditioos of the yeai: 1918 disturb 
the course of the graphs; but it is clear at a glance tliaU whereas iti 



Fig. I. Sped&c death jate fn>ai Fneutmtiia and Broq^ohitl^ in PittHburfit4 Fa., 
during die petted ipoo-x^CT. 

Pittshurgli pneumonia, all iorms^ starts ai about the same figure aSp 
or a trifle lower than, that for the ten states, the curve for Pittsburgh 
climbs at a fairly steady rate to around 350, about doubtmg in 20 
years, whereas for the ten states there is a slight tendency toward 
reduction. The calculated trend for Pittsburgh was + 10 per hxui- 
dred thousand per annum while that lor the ten states is — 0.4,^ 
It is not only the present high mortality from pneurnonia in Pitts- 

great ranges of rates, as from lo to i.oOO, but stows at a glance the retalive 
magiLitudes of the variations and trends^ for tire varialioiu frotn goo to i.ooo 
and from go to loo arc picturEd ai cF the sam-e atnPimL 

® A brief discusiion of variadon of pncnniQiata mortality in tht ittt original 
registmtion states of igoo during the pcrlcHl igoo-i^zo k given by tis in Pr0£^ 
NaL Ai^ad. Waikington, VoL 10, May, igM. pp. 161-166. 
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burgh which is anoim1oiJ&^ but the steady increase during 21 years 
from a figure about normal, while in most places whatever progres¬ 
sive tendency there has been seems to have been toward slightly 
lower figures. 



Fic. 2. specific death rate frum iom^ respiratory diseases in the Ten 
Original Reeistration Slates, during the period iQOO-l9;3SJp 


7. Although the crude rates give a generaJ idea o£ the ^eep of 
the mortality in time^ the different age distributions of different popu¬ 
lations make it desirable to aualj'ze the figures specifically by age. 
The figures for 1900* 1910, i92sO are taken from the U* S. Census; 
the intercttisal years are figured by aritLimetic mterpolation. 

Figure 4 gives for the ten original registration states graphs 
similar tO those in Fig. 3 for Pittsbtii^h. 
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DlSTBlBUTtOil OF THE PoFUtATION IS PirTSBUSCH BT AtlB,* 
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Fig. 3. Age specific dGath rate from Poiittooiiia (idl foimO in PittsburgK 
Pi-, during the peHod igoo-1^:20. 


" It [s oQticeablc thAt the popublEQii d{ Flltsburgh ]$. growing older, ihe 
percentages in the dlstrfbutioa decreifiing below and mrreasmg abcr^e an age 
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Fig. 4- A[?i: spcttfLC death rate frtfiii Pneumonia (ill forms) m the Ten 
Orillia] Registratinn Scatea, during die iieriod Z9ao-i9m 

Note. In th« tables for die ffpedfiE: death rates the numbers are carried 
to one decimal plnec as is of ten the casej but the nmnbeT of sigaihEi^at figures 
is TuriEililt I£ N is the p<ipidation and m the irundicr di deaths, the rate f is 
n/N, The flnauition of saniplliig for the number a is V(NPq) where 
qi “ t — 15 approximately li so that approximately the lluctuation is 

: Vii, The ducttiaJJon in the rate is V(pq/N^, apprdjdmatcJy 
Aj the latc P Is given Ln hundreds of thousands, the population 
shdiild be measured in hundreds of thousands. Thus in lEJOo the population 
of at^e 0-4 is Sir*™ and AT = [/a in hundreds of thousands; the fluctuatign in 
p expressed as 640-6 per hundred thonsund is V — Vt,3i:» —We 

sliould therefore write 650 + 36. Ln like manner in the group 70-up Ln lp«t 
we find and the fliicttiation is V= ^/i 6 ^ = iSf 7 and ttse 

rate should be written gg3± Ou the other Ikanil for the group 30 - 5 p in 
jQOO, A/ = -09 and V (64-a/.t») == V65,t = S,t and the nte is 64.5 ± B.I. Thus 


o( abgnfc 40 years. Various refinements douid have been applied iu estimab 
ing the population in the difftreut age groups in mtcrcensiil years in ptarc of 
the crude method oi arithmetic tntcrpolation, hut they seemed hardly worth 
while. 
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TABLE IT. 

Ace STEL-iFic Dratb R-«e poi i«,ooo PrjPijtAiios is Pmsiiimcu. i9«»-i92o. 

A. Pntuni^Hia, AU Forws^- (F15. 3.J 


Aae) !«««► W‘ 

. ... . 649,6 657,0 

3 -^ ............r-r,- 37-3 34-4 

10 - 19 ,- ^ 7-4 3®-7 

zCi -29 _- . 64.5 S 3 -® 

3 tt" 39 --'-- . ^ 3-4 

41 ^- 49 . - 1144 '<44 

50^- .. 

60 - 69 . 499 -B 443-3 

70 up -- -.,.. 993-2 13 (? 8 .o 

1907, 

0-4 . 695,0 663,0 

3 -g 4 La 740 

iOr- 19 ... 33-3 39 -* 

»-29 ...,, -, - 74 - ^ 7-7 

30 - 39 - .- ■ ® 7 -« ^042 

^ 0-49 . ts 0 .o 232.5 

30^59 - 2674 3 ^ 7-5 

fio -69 ___ 550-0 S 37.0 

70 up . 1275.0 1687,0 


I9«4. lEllS- 

i:k4 735-5 <59.3-“ 

3-9 66.8 39 5 

tfr-19. . . 348 39-5 

20-29 _ ' -- 72-5 

. . *34-7 1316 

4D-49 . 219-0 226,5 

50-59 . 447.0 470-0 

60-69,,-.. -,--- • 800.Q 8i2.d 

70 no, 2006.0 2132.0 


igPl. IVk 4 I 9 Q 3 . 

817.0 738,0 6974 733-0 67421 
sa,4 31.9 43-7 37-3 43-5 

43,6 364 31.1 234 37-“ 

89,9 Sa,S 68-2 72 “ 69 -a 

its-i 108-7 89.3 121-2 Ttl.7 

328,0 166.7 130.7 45-4 156-® 

356.8 245-9 233-0 215,0 367-4 

607.9 397-0 427-1 511-3 459-0 

1091,5 85841 1336.0 1157-5 939-0 

1909 . liytu 1^1 r. iQij# 

734.0 105J&1O 783"'^ 853-^^ 

47.3 65.4 42-3 33.6 75-7 

43.8 38.0 >98 36.8 30-S 

87.3 106.3 ^1-0 7^'3 99.9 

160.S 197.6 127-3 135-0 183.S 

’35.S 380.6 165.6 157.0 279.7 

449.0 542-0 3534 412-2 473-3 

957-0 1042,0 614.0 1003.0 897-2 

20^,0 35S0.O 1777-0 2500.0 2074,0 

Tgio, 1917 - «!*- ‘* 19 - 1 * 1 ®* 

711.O 814.0 1529.0 7940 799.0 

57.2 41.7 286.S 63.3 70-9 

37.1 34-‘ 30*-o 70-9 595 

130.3 160,4 933-= 194-2 184-9 

220-7 3W-8 115^-“ 

4140 410.6 890,0 327-0 333-7 

630,0 6S2.9 gos-o 452.0 489-0 

1198,0 949-0 132O-O 808.O 978,0 

23BO.O 2467,0 2190,0 2! 26,0 2396.0 


altliotigh (he rates 2,126.0 anil 2.396.0 Tor 1919 and 1930 la the ag^ group 70- 
wp look VC1T diflcrcpt each is subject to a standard deviation of saiopltng oi 
about I 4 S, ibcir difference 270 is subjeel to a fluctnalimi of about 200 and 
possesses no v«t great statistical sigtiificance. It would be more rational and 
mote conTcnient to suppress the PQii-stgni.ficant Bgures and round the num- 
bers off. but as iJiis ptocedort is not widespread in vital statistic! we leave the 
figures as they stand. It should be nmieinberrd that few of the rates are 
good to 5 per cent, and many of lliem are not good to 10 per cent- Catohi- 
tioni sucli M these can safely be made with a JO-«igh slide rule or even with a 
ID-inch rule and many nf them throughout this paper have been so made. 
So much for flncluatioiis of simple wunpling. The figures of the local 
authorities nod of the rcderi] authorities differ one from aanther, sometimes 
markedly, and even the federal figures printed in one and the aame volume 
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Fig. S, Age specific dcatii rale from Brofichn-ptieunionia in Fittjbitrgli, Pa., 
during tlic perkwJ igo(>-ii?jo. 

will difier—the crudfi death rmlft Iroin pncumtuui^ alJ forms, in Filta* 
burgh in 1920 ia given in U, S. MortaHly Rates, as 3418 on pp. 

19, I IQ, 5@6 and as 341^3 ™ PP- ^■ 

ni. Discussros of tke Trend. 

8. From the figures for the age specific death rates per hundred 
thousand the yearly trend for the period 19CX1-1920 has been com- 
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TABLE IL [cQttfinved]. 


B. Br^ncfurpTt^iatonio^ (Fig. 3.) 


Aipc Oratip. 

L<aDb. 

T!3DT, 

rswi. 

lO&J. 

1504. 

xsoj. 




198.0 

204.0 

ao4.o 

3384 

234.0 

33&.0 

S-9 . 

. 6.3 

fl4 

10.4 

104 

8-3 

4^1 

84 

10-19,**. 


l.J 

4-«^ 

34 

34 

i*t 

44 

acK2g***. 


2.5 

M 


aB 

3-8 

9-3S 

30^39.**. 

.. ^7 

7-7 

S-l 

57 

6.1 

7.2 

11.7 

40-49 - 

...-,,**..« 64 

14.4 

12.0 

7-7 

5-7 

7-4 

19,8 

50-^9 - 

___ ri.o 

334 

t3.a 

16,9 

33.0 

22.4 

35* 

60-69*. " ■ 

_,*,,***., 29 .& 

63 .* 

4 L 9 

61*0 

59 E 

51-3 

157.* 

70 on .,,. 

66.0 

333.0 

14LS 

138.0 

180.0 

ICH.5 

286,0 


looy. 

igatm 

T 909 - 


IptU 

lOxa- 

IflUr 

0-5 * ... 


649.0 

5S6.O 

797-9 

S75-0 

59*-* 

663.0 

5^ ■■ 

. . 1S.6 

350 

26.7 

45* 

j2.a 

17.8 

44-7 

10-19 _ 


64 

^-3 

s.a 

4.1 

9,5 

41 

ao-39 ...i 


10.0 

3.9 

9-7 

7-* 

83 

7.9 

30-39-... 

_****_**,- lfl.6 

14.7 

23.9 

39Xi 

16.3 

15.0 

^55 



3^-5 

36.S 

ja,6 

35,6 

35.0 

59-7 

50-59- - 

73^ 

ga,5 

93* 

JI4-& 

994 

73J1 

io9.a 

60-69- 


3fla,o 


ago.o 

30p0 

599.0 

249.3 

70 on . *, . 

.. 535-0 

755 * 

1030.0 

1190,0 

757* 

1260,0 

704.* 


xai4. 

W$r 

iffiG. 



IfflQr 

IlffAO, 

0-5 -v-. 


504^0 

500.0 

Sao.o 

888.0 

520.0 

556-0 

3-9 - ^ 

4a.c 


16.6 

M-5 

80,5 

193 

3»« 

113-19**- » 


71 

5-* 

6,0 

54.0 

13-9 

9.0 

ao-29 ,*, , 


la-S 

14.3 

IJ4 

9fl;a 

34^ 

25.9 

3fl-59 ■■ 

.- 15*7 

T5-6^ 

ia.7 

34-S 

ia6,o 

43^ 

49-7 

40-49. .. 


36.5 

39* 

32.6 

103.0 

64.0 

65,7 

50-59 ' 


10s .0 

IT4-0 

85.9 

138,0 

i08.o 

i2;.o 

60-69 ,- *. 


300 jO 

534-u 

369.D 

2B0.0 

3*3* 

313.* 

70 on .- *, 


1060.0 

ioBd*o 

9Z3.D 

760 

1156.0 

1096,0 


^puted (Table IIL), in most cases both witli the abnomial influema 
year and without it. The treads with 1918 excluded are probably 
more signi&cant* It is noticeahle tliat broncbopneuTnonia and pneu¬ 
monia, all forms/ are increasing at aU ages and that lobar and unde¬ 
fined pneumonia is Increasing in all age ironpa other than infancy 
and 0“4* It should be emphasized that these figures have naturally 
to do only with the reported statistics and not necessarily with actual 
pneumonia. As the rates in the diSerent age groups differ so much 
it is ilium mating to compare the rate ol yearly increase with tlie mean, 

* Compare with Fig, 4 which jhowa that for the itfl origiiiM registralive 
gtates thr pneumonia mortality U ^efisihly ^iatlonaqr in all ^se jrrcFUps. 
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TABLE IL icoitlinuei^. 


C. Litbar ami Undefintd Pntumimia^ (tig. ^0 


Ask Groups 

IVWi 

igair 


IQOl- 

rpn^. 

1305. 

jpOrSif 

0-5 -- 

. .. gr&.o 

4590 

593-0 

6540 

439 * 

501-0 

344 -® 

5-9 .- -- 

... 31.0 

46.0 

480 

41-5 

35-4 

33 -J 

35 -i* 

10-19.X, 

.. . n 4 

37-5 

38,0 

53 -<> 

^77 

^43 


- - 


^i.o 

83.0 

76.0 

^54 

63.2 

59.0 

30 - 3 P-....- 

... SO -7 

76.3 

TO^jQ 

105.O 

83,2 

114.D 

100-0 

4 cy' 4 g., -- 


150.0 

216.0 

159.1) 

125-0 

138.D 

» 37 ® 

5 ^- 59 . . .. 

.+ . 220.0 

323,0 

243-0 

229.0 

210.0 

535-* 

190.0 

60-69... ... 

- 470 0 

377-0 

566.0 

53^0 

36S.0 

4613.0 

322.0 

70 00............ 

9270 

983-0 

950.0 

yjojo 

1156.0 

toss-* 

673.0 


lEwr- 

ISOft. 

IWJ- 

L^m. 

ipn ■ 

ZPLl. 


0-3 .. 


234.D 

138.0 

259-0 

133.0 

mo 

193,0 

5-9 -- 

. . . 3 3.6 

39.Q 

30 r 6 

204 

1D.1 

17-3 

3tJ0 

10^19., t - 4 *. - 


32.8 

355 

29.B 

T 57 

27-6 

26.4 

3009- 

... 6 t .6 

57-7 

7S-4 

96.6 

S 4 -* 

67-5 

93.D 

jri-OT- 

... 69 a 

^95 

t2t.6 

i68.a 

11 to 

120.0 

15^.0 

-. 

93-O 

200.0 

1990 

348.0 

t4Q,D 

233.0 

220.0 

SO -59 -^ 

... 1 <J 40 

335,0 

35^0 

428.0 

^540 

34*0 

564.0 

6ciHi9.. . . 




752,0 

4ID.D 

703.0 

646.0 

70 an. ^......... 

... 7430 


1060.0 

1390O 

1020.0 

1240.0 

13700 


I&t 4 - 

10 IS- 

ipt6. 

IplT- 




0-5 


189.0 

2 IX.Q 

-94.0 

641.0 

274-0 

243-0 

5-9 ... ....... 

34.S 

10.9 

4D.6 

27J 

2060 

440 

38-0 

10^19 ... 


3^4 

34 

48.1 

374.0 

57,0 

505 

ao-29 . . 

. . . . 50.0 

60.0 

116,0 

147 * 

835 .!> 

[60.Q 

T 39 -n 

30-39 -...- 

_TI9.O 

[z 6 .g 

303.0 

J750 

1030.0 

22 Q.O 

2 13-0 

40-^----..*.... 


200.0 

375 -*^ 

378.0 

7^70 

263.0 

26S.D 

515^5^ ■ 


36B.O 

3t6.o 

5970 

767,0 

5440 

362.0 

60^69 ........... 

.... 535-0 

6X2.0 

864.0 

680.0 

10400 

SO50 

665.0 

70 on . . - - - . 


I072.CI 

150D.0 

t 545-0 

1430.0 

970-0 

1300,9 


This table shows that the rate of increase of tlie pneumonia 
mortality is gmatesl in just those ^es 2CK50 which arc economically 
the most important with respect to labor and that the rate of in¬ 
crease^* avera^s over 5.5 per cent, per anmim for the whole iseriod 
20-60. 

10 With rtferenM to tlic calculation it should be ohserred that although 
the fates are giytn on the grs^&ilis an a logariihttiic scale and thal tTEud lints 
an such graphs reprCisciit a eeom^trical law of ipcrcaic, the trends calctilal-ed 
havt been compnt-ed from the latea ihcm&ditfs and not from their logaritlitas 
and are thus aboi^c the true geometric rates. A gcDraetric rate of 1.05 per 
aimunip as inay he seen frnni interest tables, carries $1-00 to $ 2.^5 after 20 
perinds and corresponds to a mean arithinetk rate of B per cent, baied on ilic ui~ 
itlal princi|wJ but to about 5 per cent, based on die moan principal- Conversely 
an arithmetic rate of SS per cent per annum, from 1900 to igaj caTriea JM 
iu to 210 tn ipcao^ a result which would he Kcomplislied by a geometric 
rate of 3j8 pet cent. 
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TABLE II. iamtmutA). 



J 7 . PttcumsniA in 

Infancy . (F^ 7 -) 




jjijihciy of LTtulefiafdi 


VEat. 

firo Hcho jsn ruiaiaiiia... 


AH Fbmi- 



ii6d 


*901., . * a . . , 


1220 

S 749 

1902* -- 

'&a 7 

] 4 £o 

3087 

1903 — 


14^ 

2032 

1904 

- - 700 

1300 

3 DOD 

1903, 

- . 5^5 

1170 

i 755 

1906 . T,..» ; 


«30 

I&72 

5907. 


503 

xSoi 

1908- ,, 



2015 

1909 -- 


351 

191 z 

1910. ^ 


494 

3 S 14 

I9tl* ,. 


396 

1846 

I 9 i 3 , 


S 7 * 

2032 



378 

2008 


.. iSoo 

437 

2237 

1915- ■ - 


378 

3 X 88 

1916.., , * , . 


57 ^ 

2002 

1917.. ...X 


723 


191S ,*,. X. 


13 ^ 


1919. -... . 


697 

3407 

1920^ . ..,. 

- _,_..I 7 I 5 

613 

333*^ 

M^an . i-, - ♦ 


779-04 

208I.O 

Yearly incrEaBc . * — ... + 77*73 

decrease —35.6S 

intrease +42.05 


TABLE IlL 


Ykaklt Tuttjsta 

OF Ps-EUMOKIA DlAlU RA^E Dt DirTEREKT AgE Gsotf^^it 


1900 - 193 D, 




Lobar Kqd 

PneimcHdi. 

Ae= Graces, 


UiidjefiiusdL 

AH Ftfifu. 

0-4 -_—- + 

.+74,6 +ai.a^ 

—12.7 — is.4^ 

+ 11,9 + S-4^ 

5-9 

.+ t,7 + I.I 

-H 1.6 — 0.3 

+ 3.3 + «».9 

10-19.,-.,,*.^ 

,+ n.3 + 0.3 

-h 3.1 -H o.fl 

+ 3-6 + 1-3 

20-29. 

.+ 1.8 + 1.7 

-I-11.1 -F 4-0 

+ja.9 -1- 5.7 

30-39. ** t*. 

«+ 3 .J -)- 1.0 

+15.9 + 7-8 

+18,6 -I- 9.6 

40—49 - * “ •■■* *»■»■* 

.+ 3.1 + 3.7 

-1-14.4 + 9S 

+17.5 +U-» 

50-59...,,..* 

,+ 5.9 * 

-j-iri.o *t-t*.9 

-I-21.9 -t-l8.8 

50 -^,..- 

.-l-I*.? * 

-1-16.1 +11,5 

+aa.0 +97.6 

7D [Tl} .p . . 

.-1-54.3 -1-57.3 

+i 5.8 • 

+eojo +83,1 

O-I ^ . 

• + 77-7 

- 35-7 

-1-42.0 

^ Valuer of tte ycsirly tr^d, witeii tbe inEmEncc <if the 1&18 (in 5 u“ 

eoxa epidemic) 

has been eliminated 

(instead of the t^cM^ ntimencaJ vaJuei of 

the £pedfic death rate m ipifi the mean specific death rt±e ot the years 1917 


and igig liaA been laken). 

■ Not affected liy the jcat i^iB. 
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Fic. 6. Afic specific: dwth riite from Lobar and U^d^:fTned Penumonfa «i 
PittsbOTEfir Pi:> durine^ the period ipoo-igiao. 


fMO 


TABLE IV. 


YEAWLT tJrCREASe CCJMTAaED WrtH TME AIeAN. 1900-1930- 


At& Gmup^ 
0-4 *. 

5"9 ' ^ 
10 - 19 -‘ 
50 -^ 9 * ■ 

40 - 49 - 
S 0 ^ 59 - 
60-69 
70 up, . 


Mean. 

- 7 ^ 

- 5 ^ 
. 40 
« 96 
^ 15a 

- 2^7 
^ 395 

813 

^iSoj 


Trcudr 

Tread; Mrai?- 

bA 

0.7% 

0.9 


13 

S> 3 % 

5-7 

5-9% 

9.6 

6.0% 

13.J 

5.6% 

1S.6 


37.6 

34 % 

83-1 

4 *% 


Although the average uend has been calculated for the 21 years 
with adjustment for 1918 the airves do not show a close adherence to 
this trend. If we take the first third of the period, igoo-1906, and 
judge by the eye, we should infer that the death rate from pneumonia 
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during the perioi] IQQO-ItjjD. 


1 - 

all foms for these seven years tended to decline in most of the age 
groups. A calculation shows that tlie trends are 


0-4 

S-9 

lOHzg 


^o-an 




TO Efp 

+4 

0 

-4 

+ '9 

+4^ 

Q 

D 

-fi 

-6 

+0-5% 

0 

-1% 

+ 1 . 3 % 

+4-7?t 

0 

D 




In view of the short period, the trends are not well established 
statistically but the only percentages that approach those for the whole 
period are for the age grotips 0-4 and 30-39; in all other age groups 
except 20-^ the trend is zero or negative. The disturbance of the 
induenza epidemic makes it difficult to treat separately the last part 






















pneumonia in riTTSBURUH. 


2§5 


of the period ■ but r comparison of the raean^ for 1900-1906 (central 
year igoj) and for 1910-1916 (central year 19^3) interesEtng* 


0-4 s-fl 10^^® jcH ^33 4^40 *3-60 

1903.. 713 4^3 34 7 ^ 13^ 243 5^ 

1913.. 791 55 34 1^2 36.^ 475 W 

Inc..... * 78 D 15 60 105 232 4^^3 

Mean...-. .73'- 5* 34 7^ I3^ 359 7 ^ 

Trend..i-O 2.0 0 5,2 4.5 5.0 6.4 5.7 

Cf. .*,.....07 ^8 3 3 59 6.0 3.6 4 .S 34 


TP up 
ITCX3 

223 ^ 

113* 

I6&B 

4 .fi 


III the age group JO-up the increa^ was rapid between 1906 and 
1910, before and after which the rate wa^ nearly constant- In the 
groups 60-69, SO"59 t 0-4 much the same holds true* In all 
four of these groups the trend estimated from the two seven-year 
periods 1900-1906 and 1910-1916 was markedly larger than when 
calculated for the whole period 1900-1920. In the age groups 5-9, 
20-29, 4*^49 roughly estimated and the calculated trends are 
practically the same- In the groups 10-19 30^39 ^he trend is 

largely due to the rapid increase of the death rate in the last few 
years. We have as yet been unable to decide upon any rational ex- 
planation of these differences between the course of the mortality 
between the different groups^ Some of the differences may be acd- 
dental, some of them probably are real and significant. At any rate 
there has been for all groups a considerable average increase m 
mortality from pneumonia all forms with a particularly sharp in¬ 
crease in the old ages 50 and up between 1906 and 1910, acting as 
though the mortality for these ages were moving from a lower to a 
higher level. 

9. A comparison between Boston and Pittsburgh is interesting 
one a seaboard, the other a mountain valley city, both damp and cold, 
not dissimUar in size. The population of Boston is older, the 
percentage of the population In the different age groups below 40 is 
less than in Pittsburgh and in tJie groups above 40 greater. The 


figures for pneumonia all forms 1910^1920 with means and trend, 
and the age specific death rales for 1930 art given; 

It is noteworthy that the pneumonia mortality in Boston appears 
to be decreasing while that in Pittsburgh increases- The rates of 
trend are — i J per cent, and + 3.3 per cent, relative to their means. 
The mortality rates are crude, but the effect is so pronounced with a 
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Aec SpecIEc Rat« for IOM- 




A«p. 


Fixubtizih. 

1910.. 

...314 


<r-i .... - 

2473 

3338 

II. . 

. . . 210 

2 o 3 

1-4 - 

361 

451 

12. . 


263 

»>-4 

77 + 

^j6 

13- ‘ 

. , . . ,^ t )0 

287 


. 43 

71 

14.- 

.— 196 

244 

lp-t 4 ... „ 

.. 21 

37 

15.. 

. . . 2 IQ 

249 

t 3 -J 9 - 

32 

96 

16. . 

,, .230 

337 


.. 70 

143 

J/.. 

. - .33 3 

3 fi 4 

23-34 - 

90 

3 D 3 

iSr , 

__192' 


35-44 

115 

293 

19 

.162 

331 

45"54 — 

■ - 134 

3»6 


**- -.198 

341 

55 "^ 

. 203 

737 

Me^. 

-203 


65-74 

. . 682 

1457 

Trend 

, 2.3 

“h^.-S 

75 np- 

1530 

3886 


• Meiaia oi 1917 aiwJ 

difftrential rate 01 12 per Iiuiidrcd thuusaiid per aimum that no ad^ 
justment for popfulation would inaterinlly change the divergence- 
The adjustment of the Boston and Pittsburgh figures for 1900 aod 
for 1920 to the Koglish standard million gives for Bdstem in 1910, 
227 and 206 in 1920; for Pittsburgh in iQio, 365 and 359 hs. 1920* 
It is also noteworthy that in tlie age groups the rates for infants are 
the only one? vfhich show Boston in the lead {the difference betng 
barely signtficant statistically); in all other groups Pittsburgh leads 
and leads enoitnously in the older groups,—from age 15 on the rales 
for Pittsburgh are more than double Boston^s until the final group 
which contains relatively few deaths, 

IV- Suggested Reasons for PiTTseuEGH's High Rate. 

10. Many and divers are the suggestions that hav*e been made to 
explain the high pneumonia rate in Pittsburgh. (i) The differential 
mortality of race stocks may contribute. Dr. L, 1. Dublin, analyzes 
in Quart. FubL Amer, Smiist. Assot.j^ March, 1920, the mortality of 
race stocks in Pcnnsylvama and New York based on daia for igio. 
He finds for the 1910 death rate for persons over 10 years of age 
This result shows that the foreign bom and the natives bom of 
foreign or mixed parentage have decidedly higher adjusted death 
rates, say 40 per cent, higher^ The crude rates show the same sort 
of increase in rnortalit)' in the case of foreign bom, but owing to the 
more favorable age distribution among the natives of foreign or 
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Cf ladt Death Kalfir 

Femurliinihki. N- Vnrk 
M F, M, F+ 


Stajida^ilittd Rac:c-* 
t Vhuf^H jhrftTiia^ VCkffc- 
M, F. il- 


Native whitjE, 

native pamta_10,9 13 & 124 iz,& iJ -3 15 S 124 

Native fannuti or mbeEd 

parents. . .. .... 10.0 13,5 ^7 ^ *^3 19 5 ^ 3 -^ 

Foreign bam white, ^ i 6»5 17,5 16.6 17-S 1^'^ 17-3 

*The standarditatLon is made agaiBst tht New York dkLribiitl&a of native 
white born of native parents, i^io figures^ n^er 10 years ot age. 


mixed parentage the standardization is necessary to bring out the in¬ 
crease in their case. 

The percentage of fotrigti bom in 1910 and 1920 itspectively 
for Boston was 36.3 and 324; for Pittsburgh 264 and 20.5. If 
therefore the fore^ bom, not funher subdivided, -were to be an 
explanation of the high pneumonia rate, the effect should be more 
noticeable in Boston than in Pittsburgh. If the foreign bom had a 
rate 40 per cent, higher than the natives of native parentage an ad¬ 
mixture of 1/3 or 1/4 or 1/5 of them would increase the general 
rate only 13 per cent, ot lO per cent, or 8 per cent, respectively. Dr. 
Dublin also gives the rates in some age groupings for some mtionalf- 
ties for pneumonia all forms and for certain other diseases. 


Pm^NSVLVAXlA PSBUIIOXIA RaTES l^IC, MALES, AETEIt DUDLIS. 




Pretfl- 

BoflbML*' 

AciiU'lii 


FfiTOBB 

C^MKianr, Irrikma. 

Ttait}'- 

Vad, la. 

Wtii*- 

- . .415.1 

btinita,.* 

+50 

Hamw- 

if>5 3 


74.Q 

125-1. 

19^,5 

10-14. 

.... 14.9 

27 

51 

.... 

l6.6 

.... 

.... 

93.2 

lS-19 

--.A 37.9 


32 

61 

49 7 

454 

. 

1,40^ 

JO-^. 

.vv. 

^43 

7*^ 


279 


593 

1 ID.l 

25-44- 

fi7,o 


lOO 

70,6 

673 

ti2-5 

94-7 

92.8 

4S^ 

... . j66jo 

49f» 

175 

;26£i4 

237-2 

^69.1 

3433 

34S.8 


-406.3 

1700 

9U0 

4^54 

529^ 

917^ 

75^9 

73in 

M... 

. 1755 

541 

19S 

90.9 


2954 

550 

135-4 

• PittsbuTfih, 19^1, c!5tiiuatef!l far 

tbii age (iifitnbLjliO!!; the fipai'M *9**^ 


•were higher- Baaon, igjc. estimntcd; the figumE for 1910 were hieher. 


Now in Boston the Irish make about 30 per cent, of the foreign bom, 
the Russians and Italians about 15 per cent, each, Austria-Hungarians 
and Germans only about 5 cent, together. In Pittsburgh the 
Irish are about 15 per cent, of the foreign bom, the Germans and 
Austria-Hungarians about 20 per cent- each, the Russians and Italians 
about 10 per cent. each. Recalling that the foreign horn are nearly 
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half again as immeroiis rclativtfly in Boiston as in Piltsburgb^ it is 
difEcult tn see how Dr. Diihliii*s figures can hdp us toward the con- 
elusion that the high rate in Pittsburgh can be due in any large meas¬ 
ure (as compared with Boston^ tor exa.rnple) to the extra, mortality 
of pneumonia among the foreign bom; there is probably an appreci¬ 
able effect of this influence in raising lliie pneumonia loartality in 
both cities, but how great can hardly be determined until better fig¬ 
ures are available>^ 

The situation with respect to negro mortalily from pneumonia is 
interesting. For the ii years 1910-1920 inclusive the rute in Boston 
for negroes averaged 34® ^ against joo for whites and there was an 
increase of 3,0 per annum for the former as againsL a decrease of 
2,5 per annun^ for the latter. The total effect upon the figurt^ for 
Boston was not great because the negro population was only about 
per cent, during the whole time, in Pittsburgh the rate for 
whites during this period was 285 negroes ^10. The in¬ 

crease for whites was 8 per annum and for negroes wa-s 33 
animin. This makes a considerable difference because the negro 
population was larger than in Boston and was in fart increasing 
from about 5 per cent, in 1910 to per cent, in 1920. During the 
same decade while the total pneuinonia rate in Chicago was dropping 
sharply the rate for negroes was rising sUghdy. It appears therefore 
that in Boston and Chicago during this period the trend ol the pneu- 
nionta death rate for negroes was opposite that for whites and that 
in Pittsburgh although the rate for whites rose, that for negroes rose 
very' much faster^ It appears^ there fore^ that of the total rise in the 
Pittsburgh rate from igiCK-igao about ^ points was due to the high 
and rapidly increasing morlaJity rate from pneumniiia for negroes. 
This represents about 20 per cent, of the total increase. Wc are at 
a loss to explain these figures. Several suggestions could be made 
and we feel confident that a critical analysis of the situation relative 
to the negro mortality might go a long way toward explaining Pitts¬ 
burgh's anomalous situation which respect to total pneumonia mor¬ 
tality. Of the excess of Pittsburgh's average rate over Boston about 

We must tear In mind that wc have tu tJtplaln the Incrtasc in Pitta- 
hurgh from Donnal figur^:^^ in igm to ahnomaal Bgurcs in the changes 

in potnilaiion in this period have not been sntli as to mfike any madt-cd tSccL 
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lo per cent, is attrihutiLble to the difference in pcTcenlage of negro 
population. 

II. 'ta) The sex distribution in Fittsbur;gh is favorable to a high 
mortality rate from pnetinionia owing to the greater mortality in 
males than females* We have not analysed the Pittsburgh figures 
by &ex ^Ti y more than we have by race* because we had no desire to 
overburden w'ith requests for statistical ntaterial the very obliging 
Health Department of the Gty of Pittsburgh ; a simple hypothetiad 
eatcula-tion will show the order a magnitude of the effect due to sex 
distribution. Let r he the male rate, s the female ratc^ p and q the 
Iractions of the population which are male and female respectively. 
Then the total rate is Jt! = y^r + qs. I f we change to + -r and q 
to g —X the rate H change.^ to R -i- x{r — j). Now it is generally 
beheved tliat the rate for maies runs about 25 per cent, higher than 
for females. For example r^ 30 Qf s = 160 and R = iSo if p = 5 
are fair comparative figures. In general r — j is some fraction not 
far from 1/4 of R^ A shift from 48 per cent- males to 52 per cent, 
males m the distribution of populalJon rnaLcs r = .04 and changes R 
by r per cent. Such changes are entirely masked by so many other 
\^riables that it would take an elaborate study to detect them. It is 
fair to conclude that urdess the mortality in pneumonia in Pittsburgh 
is dtfFereut in the two sexes to a degree far greater than usual, and 
irt fact to an unbelievahle degree* the sex distribution of itself would 
not materially affect or explain the excess. Taking race and se.x 
distribution together it would be difficult to find 20 per cent, dis¬ 
advantage in Pittsburgh as compared with Boston whereas the mean 
difference 1910-1920 was 50 per cenL and the trends were opposite 
and were producing a divergence at the rate of between 4 and 5 per 
cent, per annum, while the progressive changes in sex and race dis- 
tributiou in the two cities showed no marked differences in trend. 

The U* S* Mortality Rates i9i0“i92O gives the sex rates in age 
groups for pneumonia, all forms. A few figures may illuminate this 
diseusriou. 

It is seen that the sex ratio M.. F. for pneumonia mortality in 
Pittsburgh in 1920 cxceetled that in Philadelphia (and it is true that 
it exceeded normal) but was not markedly higher. The number of 
cases in the groups are small but the ratios m the liard working ages 
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tend to exceed those for Philadelphia, more than in other age groups. 
In 1910 the ratios IL/F. arc prodigious and fnjin so to 5S are 
markedly higher than for under 10 ur over 55. (The I0-14 and 15- 
19 i^Toup contains wtry few cases.) Whatever the effect of sex dts- 
tributionr it should show a decrease from 1910 to 1920^ It is ihus 
probably not the excess liahilil^' of maJes to death from pneumonia 
per se that is effective- 

12. (3) The long hours of heavy labor and exposure to high 
temperatureg have been suggested as causes of high mortality from 
pneumonia in steel workers* Such working conditions are unpleasajit 
and make an unpleasant effect upon social welfare stirv^eyors. One 
need not fail of sympathy with the worker while pointing out that 
apparently what look like almost inhuman conditions in industry 
seem often to appeal to our immigrant labor as less undesirable than 
going upon our farms and working the land as they did in their own 
countries- At any rate the question to be determioed is whether the 
industrial conditions do or do not materially increase the pneumonia 
death rate, and to what extent. This would require the careful as¬ 
sembling of statistical material not now at hand. The situation ts 
compbeated by the fact tbit when the inditstiy is active there is both 
ov'erwork, large additions to the working force, and steady wages 
even if not at a particularly high level, whereas when the industry is 
dull there is idleness and often not enough earnings to support ex¬ 
istence- Overwork with pay versus failure to get work or pay make 
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Q situation which in the net might make little difference with the 
pneuTnODia death rate or might jnfli4ence it relatively in either direc¬ 
tion, If the Lndu5tr>’ in Pittsburgh wouJd as a whole for an ex- 
perirtiental period of one decade take an interest in the heaJth of its 
workers comparable to tliat taken by the Edison I Humiliating Com¬ 
pany of Postnn, The Hood Pubber Company of Watertown (Mass.) 
and a number of scattered industrial concerns throughout the couii- 
tr>% we might be in a jjosition to make some wdt- founded statetticnts 
concerning the influence of industrial activity on disease and death. 
Incidentally we believe that such attentions to the heaJth of tlie 
worker would pay the industry in dolbrs and cents. But the in¬ 
vestigation might not be so fruitful Ln scientific result or in increased 
profit in the case of so irregular an industry as steel as it should be in 
a pubbe utility with a reasonably steady load. 

So far as the secular increase of pncuniotna is concerned we 
should have to assume that the industrial conditions were becoming 
during the period 1900-19Z0 increasingly severe or that a larger 
proportion of the popniatiou were becoming involved in the long 
hours of heavy labor with exposure to high temperatures. Further¬ 
more such an acceleration would have to apply also in the age groups 
70-up, 60-69, 5^59 vrhich are mainly too advanced to be largely 
made up of persons engaged in tluit sort of work. The effect should 
be partiailarly marked in the hard labor ages 30 —:^^ 3^39- these 
groups were so largely affected by the inffuenia epidemic that infer¬ 
ences from their course of mortality is difficult. There is a touch of 
suggestion in Elie figures for the war years 1915—16-17 before the 
epidemic that these two groups (and the group 40-49 to a less ex¬ 
tent) are being adversely affected as compared with other groups; 
for the rate of increase of pneumonia mortality in these groups was 
much greater, and even greater than the rapid rise of 1906-1910 in 
the groups 50-59 and 70-up. It is meTely a suggestion, but could 
be interpreted as a reflection in the working ages of the forced ac- 

was during tbis {Kfiod that in many places the Taylor and other 
icms oI titutating effidency ai lahcirers with their tendency to sdmulatc 
speeding up were progressively coming into some vogue J we have heea unable 
to obEatn ihe data that would ]et us even iwj much as imply that such Tncthods 
were responsible for any part of the Pittshurgb acceleraLioii of pneumonia 
mortility—if acceleration there, why npi dsewhere? 
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t\v\ty due to the war. Another straw blowing down the same wind 
is the larger excess of male as compared with female mortality dur¬ 
ing these ages in Pittsburgh, (See above ) One real difficulty of 
correlating industrial acth'ity and pnemuonia mortality lies m the 
fact that pneumonia and the steel industry do not respect the division 
of time into calendar years. Pneumonia is a winter disease and its 
rise and fall is cut in two by the dale January i witliout being in any 
sense cut m halves. The peak of pneumtjnia comes in different 
months in different winters; it is not unusual to have tw-o peaks in 
the same years or to find years with no peaks; wc should have a 
better picture of the yearly situation relative to pneumonia if the 
statistical year were July l-Jgne 30, The general industrial cycle 
based on the figures of the past 4^ years seems to run its course in 
about 40 months. Properly to discuss the effect of industry on pneu¬ 
monia niprtality we need monthly figures. 

13- (4) ^be labor tum-<svcr may wel! be an item that should he 
influential in the increase of pneumonia. Insofar as this turn over 
represents mere restlessucss of an urban population of wage-eamets 
going from one position to another in the same city or metropolitan 
district, the effect would be nil Put if to keep places fiHed there is 
any great importation of labor from rurnl ■districts^ of persons previ^ 
ously less exposed to dty diseases aud thus possessing less of acquired 
immunity^ there shpuld be expected in this new population an excess 
of such diseases of which pneumonia appears tu he one. It a person 
coming to Pittsburgh contracts puemnonta and dies of it, his death 
figure in our statistics. To a certain extent this sort of nou^resident 
or temporarily resident death influences the mortality .'Statistics of 
most large citaes- The question relative to Pittsburgh is: How great 
is the mfiuence? It is rumored that when industry is active train 
load after tmin load of laborers, fureign, rural, ^nd negro^ are 
brought to Pittsburgh, many of them departing after a ^nrt stay. 
Rumor does not afford a good basis for statistical inference, despite 
the many inferences based on little else. 

As we desired to have figures we applied to the Pittsburgh Cham¬ 
ber of Commerce and to various individuals connected with the in“ 
dustiry, with no definite result. A foreman estimated that he took 
on lOQ new bands per y^ear to keep 100 places filled, in a mining dis- 
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tiict a superintendent said he hired 5,000 during the year to rnaintam 
a force of 1,000, a large operator had to take on 2,000 persons each 
year for each i,QOO permanent positions. Such figures would not be 
cjtirente if one may take as standards the tiim-orer rate we liave 
found in some industries certainly no more variable than the steel 
industry and offering work and working conditions fully as attrac¬ 
tive. The figures are tioC extreme compared with those of Bris- 
senden." The cost of turn-over is variable, hut high. The lowest 
average estimate for a considerable plant tliat has been given us is 
$8 per change and in the same plant another oOietal gave the rate as 
$150 per position. So many coosidcradons enter into the proper 
cost accounting of turn-over that estimates arc liable to be wider of 
the mark for the cost than for the turn-over itself. It would he m- 
terestlng to have real figures and it is not itnpossible tliat they would 
show results not alone of scientific value relative to the health of the 
industrial worker but of casli value to the industry. W e are in¬ 
clined to believe that labor mobility, particularly the imniigration of 
foreign, rural, and negro labor with the Pittsburgh district is re¬ 
sponsible for some of the excess pneumonia mortality tliere; but we 
lack anv evidence that relatively speaking, the mobility has been in¬ 
creasing rapidly during the period in question. 

14. (s) The housing conditions described on the basis of the 
survey of as inimical to the public health have been 

greatly improved. There are still, to be sure, over-crowd ing, inade¬ 
quate sanilation, cellar dwellings, insufficient water, foul privies, un¬ 
ventilated sleeping rooms, disorder, and dirt, and one may yet find 
rooms sleeping 6, 8, or 10 lodgers and occupied by two shifts of 
sleepers. Such conditions witli dose personal contact inevitably in¬ 
volve great liability to the rapid spread of pneumococcus infection; 
but both the Department of Health and the Industry in Pittsburgh 
have been steadily working to ameliorate the conditions W'hich may 
now be considered comiiaratively satisfactory. Not much help in 
analyzing the sitiiatioti can he obtained from general stadslics. Both 
in 1910 and 1920 Boston Is reported as having 50 per cent, more per- 

Jeur. „4fiii:r. Stalist, December, ijiJj. 

“The Pittsburgh District, pp, 87^138, "The liuusiuf of Pillsburgb's 
Workers," Rusietl Sage Foundation, New k’ork, J91+ 
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50ns {9,1, 94) to a dwelling tlian Fitlsbiirgh {6.1, 6.3) and both 
cities show an incrca&e of 3 per cent, for the decade in the number 
to a dwelling although with a decrc-ase of 6 per cent, in the ntimber 
of persons (4.8, 4.5) to a family which is at both times the same tn 
Boston and Pittsburgh. It is probable that th^ acute liottsing ^;hort- 
age which came with the cessation of building during the war is re¬ 
sponsible for these changes; it is not unlikely that with the ehn of 
acti’^nty in alf lines during the war better housing conditions were like 
many other iinprovcmenls disregarded. A^et we are not concerned 
with explaining merely the high rate of pneumonia mortality in Pitts¬ 
burgh but the increasing rate as compared with other cities. Hous¬ 
ing conditions so far as wc have been able to sun'ey iheni wdl not 
acco^int for the large differential trend against Pittsburgh. 

15. (6) Smoke and dust are a favored pair on w'hich to blame 
the pueumonia mortality in Piltsburgh. True, some have sugg^ted 
that smokes contain phenoh chJorinep and possibly other mild disin¬ 
fectants for the respiratory tract; some have tentatively surmised 
that carbonaceous particles were a palliative for the irritadou set up 
by silidotis dust. But it is difficult to believe that smoke and dust 
regularly inhaled are of a net advantage to the lungs any more than 
they are to a delicate n>echanism like a watch ; the cloying and foul¬ 
ing action must outweigh any incidental cleansing effects. The 
Mellon Institute conducted a smoke mvesUgarion and published in 
19T4, Bulletin No, 9, Papers on the Influence of Smoke on Health. 
The case against smoke was pretty thoroughly established. A chart 
(p, 15$) shows die average pneumonia death rate in 1910 and 1911 
and the average soot fall per month in each of the 27 wards of the 
city. The correlation is very' close; a computation of the coefficient 
of correlation from values obtained by reading the chart gives 
r = 0.92. This is not conclusive; there is a good deal of correlation 
between the soot fall and the death rale from tuberculosis and he- 
tween ihe soot fall and the mimber d£ persons per acre (taken as an 
index of poverty). It is possible tltal the greater part of the cor¬ 
relation is due to some underlying variable which forces the cogredi- 
ent variation of soot Fall and pneumonia mortality^ Even if srnoke 
were not physically harmful it is undesirable estheticaJly and there 
must be a strong tendency for the persons best able to provide for 
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themselves to shim the smokiest districts, leaving them to those not 
only poorer hut less concerned about hygienic conditions. To treat 
the problem statistically long continued and carefully supervised col¬ 
lections of data would be necessary. In the final analysis one should 
have to come to partial correlation. 

There has been a great deal of agitation in Pittsburgh against the 
smoke nuisance, which may probably be called also the smoke menace, 

1 3 it possiWe that conditions are getting worse rather than better? 
Opinions tlmt we have obtained didEcr. Observations show that to¬ 
day the inhabitants of Pittsburgh are much troubled with foreign 
particles in the eyes—a condition which is even written up in a semi- 
humorous fashion in the press. Some say conditions are worse, 
others that they are better. We have tried to get actual data on the 
amount of precipitation of soot and ash, together and individually, 
over a period of years, but without success. Such figures ought to 
be kept and to be available.” If an excess of pneumonia mortalitj' 
is due to smote it is not necessary that the smokiness worsen through¬ 
out a period of rising mortality; the deleterious effects of the ac¬ 
cumulation of foreign matter in the lungs may be cumulative and the 
mortality at any age may depend on the average length of time the 
persons of that age have been e-vposed to smoke/* That there may 
be such cumulative actiou is supported by the findings at autopsy by 
Dr. S. R. Haylhoruc not only of the severe anthracosis but of the 
tendency of that anthracosis to prevent or delay the resolution of 
exudates in pneumonia. The suggestion is dear that in the case of 
anthracDsed lungs the pneumnnia may lead more fre€|ueiitly to fatality 
than in normal lungs and tliat part of the excess mortality in Pttts- 

Smokmess as reported by the veathw obbetvrr* might or njlght net lie 
of value as an indei in a qualitative way of prohahie cotiditions in the inhaled 
air; but Efiiaiititaii’i'c measurM axe needed. In an article ctitillcd Pneumonia 
froin a Public Health Point of View, Pituburrth Mediful BvSlfii", Vol. lA No. 
4a. December ij, ipa4. Dr. C J. Vaui reports (hillings by the Melluii Institute, 
August. 19*3 U> itwwinK that the precipitation of iiuuhsble matter 

from the air is about 40 per cert, greater than duriiiis tlie same monihs eteveo 
yiiars €3rliei:- 

xhii case an iiipreasmg poiralation in the Ecveral aflEe-grempi might 
briai^ eillier a stalionary^ a rising, or a falling piicnmwiia mc^rt^lity according 
to the Ui^ of increascH^ condtlion very difficult to analyze cainectly. 
ii /nffm, Mfd. Afujr, No. jf. May, igiB, 
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burgh is excess fatality* Morbidity atadatics are not reLiabk enough 
to justify a conclusion.*^ 

i6. We liave tried to discuss briefly the suggestions that have been 
put forward to account for the excess and the increasing excess of 
mortEtlity FroTti pneumonia in PtttsburglL It may be worth while to 
pause for a niQincnt and count the cost of this excess. It is fair to 
estimate that in Pittsburgli tliere are today perhaps 150 and almost 
certainly 100 dcailis per hundred thousand population per annum 
over and above what might be considered a reasonable rale ( Boston, 
Chicago, and Philadelphia are running under 200 and Pittsburgh 
over 300). A typhoid fever death rate of over 25 is considered as 
indicating a negligent water or mtik supply requiring a strenuous 
effort to improve the sanitary conditioi^* and Pittsburgh's typhoid 
rate whitdi up to 1907-1908 had mn well above lOO ia now down 
around 10. The loss of 100 to 150 extra lives through pueumonia 
is not so striking as the same loss by typhoid (because the loss by 
pneurnonia is inevitably brge while that by typhoid should be 
small), but it is the same number of lives—some 600 to i.ooo each 
year in Pittsburgh. Considering the many factors involved it is not 
Just to attribute all the excess tn STnoke, hut the best evidence that 
we have^ which is none too good, is that a considerable fraction of 
the excess is due to this cause. Man lias always the problem of so 
improving his environment that lie may live and what sanitarians 
have done for our water and milk they can if need be do for our air. 
The weakness of the situation lies precisely in the fact that we Isave 
not yet relative to the excess mortality froin pneumonia anything 
like the hard and fast case against smoke and ash titat we have 
against water in the case of typhoid. It is very iniportajit that the 
most extensive and critical investigations be carried on in regard to 
all aspects of the pneumonia situation in Pittsburgh before One 
Jumps at epnetusion.^ which if taken seriously and acted upon with 
detcrmin^tiou by sanitarians and public health ofheiais would call for 
the expenditure of a great deal of money. 

In the case of pneutnonia wc sbcald need tht^ fatalities for the different 
tj'pca. If Pittsburgh were becronain^ a luot bed lor the highly farai Type III., 
mncH of the excess mortality might be thereby explained. 
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V. Tre Reliability of Pnkumokia Data. 

17- Among tbe items which mtist be analyzed is the reliability of 
the data for the pneumonia death rate. In the MeUon Institute 
Bulletin No. 9, above cited. White and Shuey (p. 1&4) have a paper 
in which they quote from a letter to them by Dr* John S, Fulton. 
One extract is worth repitsducing as an introduction to our subse¬ 
quent observations: “I would expect Chicago to have a higher 
pneumonia rate than Pittsburgh because there is a pneirmonia obses¬ 
sion in the minds of the medical profession of Chicago.*^ May there 
now he some stampede toward pneumonia in Pittsburgh? The dis¬ 
ease is hard to diagnose, it occurs as a complication in many diseases 
and 15 complicated by others. If otue is in a city with a high pncu^ 
monia rate one may become somewhat inured to the condition, and 
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report pneumonia in cases nf doubt more trequently than is done in 
places. Also as medical knowledge improves there are trends 
away from certain classifications and toward others- In the ten 
onginal registration states chronic and acute bronchitis have practi- 
calljr disappeared in the period 1900-1920 and hronchopneumoma 
has much increased. ■■The change is probably due rather to a shift 
in reporting than to a change in the incidence of disease. In 1910 
lobar and undefined pneumonias were divided and the profession re¬ 
turned so per cent undefined, 50 per cenL lobar, but hy 1920, the 
eleventh year after the division, undefined pneumonia had practically 
disappeared whereas lobar pneumonia had increased enough nearly 
to make up for the lossj again a matter of shifting diagnosis. We 



S« Fis* a, and lor details our article in Prot. P/aL Acad, Wasli- 
inffion, JOi Ixtayr 1524 pp. 161-166^ 
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have two long range figures for Pittsburgh and some comparisons 
between that city and Boston to offer for what light they may throw 
on this stibject* 

Figure 8 (Tables V,, VL) gives the chronological course of the 
crude mortality from (e) bronchitis, measles, whooping cough, and 
scarlet fever on the one hand and (ft) pneumonia all forms on the 
other, for Pittsburgh 1873 to 1922, a full 50 years. It is noticeable 
that group (n) starting around joo has practically disappeared being 
now below 50. Also group (&) starting around 125 has ri^ to 
about 325* Conditions for diseases have changed in Pittsburgh in a 
half century, the *^e distribution has altered t hot with all allowances 
that can reasonably be made it seems clear to us that changes in re¬ 
porting must enter. The next figure (9, Table 6} gives a similar 
presentation for (a) diseases of the heart and circulatory ^stem 
increasing from 75 to 175, and of tlit rather ill-defined group (fr) 
nervous diseases decreasing from 3®^ hi too. It is difficult to see 
how all o£ this can represent epidemiological changes of a biologic 
nature; some of it must be due to shift in classification. 

18, Whereas Pittsburgh runs high in pneumonia, Boston is high 
in organic diseases of the heart. The following tabic represents the 
conditions at advanced ages (means of 1910 ond 1920)' 


’ OriHJiJc Diswica 

H3f ih£ HeofT- 

Agr FHiiijpt BoftPii-, PlitafeiiPEh. 


. 1 I 3 S 

73 up. 4 *<»* ==433 


p^gunuMklaH All 

Formi. 

BoatMl. Plitt3l>urEb. 


TiiE Two Tof^twr* 
pitiifbELnih. 


738 UW® 24S6 271J 

1643 3007 S :+4 544 «> 


It thus appears that if Pittsburgh is higher than Boston by too per 
cent, in pneumonia, all forms, in these age groups, Boston outdoes 
Pittsburgh by 60 per cent, in organic heart disease and that taking 
the two together in both age groups there is not much to choose. 
May it not be that Boston inclines to the one. Pittsburgh to the other, 
diagnosis, or is there a marked difference in reality as there is in 
reported causes in the two cities? Far be it from a Bostonian to 
imply that our diagnosis and reporting is better than that in Pitts¬ 
burgh—particularly in view of the fact that for the five years 1916- 
192Q we have reported proportionately S 1/12 times as many deaths 
as due to “ unknown and ill-defined diseases ” as have the Pittsburgh 
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TABLE V. 

BaoscHiTts, Measles, Wwoonsc CdUgH, Scaslet Fevse, Specific DraTB 



Rate pee 

Ior>,0aQ 

PopuLATrOS. PiTOBiracH, 

1875-1922. 


Year. 

Mesiilem, 

BxiM:- WbrCcmsK 
cbiVEf. SCi. EeVW. 
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Tcffid 
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240^6 

g... 

49-2 

ii5^o 

154 ^ 

4 

90.5 

338-0 



57-8 

649 

122.7 

5- 

. . . 59-3 

19tl.fi 

^57f 

igOOr, . 

60.3 

734 

1337 

6.. 



164.7 

1. ........ 

50.0 

89.7 

1597 

7 -- 

57-^ 

i86-2 

245-4 

2,-. .... . 

56,9 

108.1 

167.0 

. 

....... ss.a 

104.2 

1594 

3 ^ ^ . 

4»-2 

93 5 

1 a 144 

9 

69.3 

140.6 


4-.. 

494 

59-9 

10S.5 

8a-. 

. 59 8 

262.8 

5^3.6 


. 34-4 

118.9 

153-3 

1.. 

- 43-0 

sSi.tt 

324-8 

6,_ 

. 46. 2 

55-9 

102.1 

2 . 



209.5 

7 -... 

. 52 5 

62.5 

95-0 

3 ■ 

....... 

98-3 

157 2 

8.... .. 

599 

741 

114.0 

4 - 

..... 64,9 

94-6 

1^5 

9. . 

. 41.6 

36.2 

77,8 

5- 

. . 61.7 

130.1 

191.8 

10. .rx-,4 

- 48.1 

72.8 

139.0 

6.. 

69.9 

209.1 

278-9 

n — 

* 50.Z 

39-1 

*93 

7 - ■ 

. 77-6 

128,1 

205.7 

IT. .. ..... 

. 51.9 

5^>4 

82.J 

8-. 

,_ lOO.O 

74-6 

174.6 

13.. . 

?9 5 

*9-3 

98.8 

9 

-- 6^.1 

81-3 

1459 

14. .— 

^ 29 3 

524 

ai4 

90. 

_.... 64,1 

87.r 

15*^ 


23-3 

29.8 

530 

1. 

.. 8,1.8 

S3-1 

!*9-y 

16...... . 

. 26.2 

454 

69.6 


........ 67 , 1 

75-5 

142.4 

17r-.- + + + -^ 

. 27.1 

:23-fi 

50-7 


,74-* 

199^ 

2733 

18,,..,.. 


40.8 

7*5 

4- 

.. .. SSS 

I22^.t 

180.6 

19 

304 

10.1 

40-5 

5 

.. 66.9 

67,0 

1559 

20. . 

. 5f0.3 

33-5 

53-S 

6. 

. 58 -t 

78.2 

156.6 

31,^... ... 


18.6 

36.0 

7 

........ 5*7 

73 1 

129.8 

22-..,.... 

, . 18.9 

28.7 

4.76 

Tread foT the total grgup = 

- 4-75 

Tnufid for pfieuiajcmiH all farina = 

+ 4** 


profession! But the organic heart diseases in Boston run higher 
tlian Pittsburgh for the whole period 1910-1920. our a\trage (crude 
rate) being 221 and theirs r3t. There is less difference after ad- 
justmeiU to a standard population—the figures are then perhaps 233 
and 1 56, but even so the rate for Boston is 43 per cent, or 67 per 
hundred thousand higher than Pittsburgh. So for the santc decade 
excluding the infiueoza year Pittsburgh's pneumonia rate (crude) is 
295 against Boston’s 204 or after adjustment perhaps 322 against 
2J4, a clear 50 per cent. 

Other manifest a similar persistent difference. Tuber¬ 

culosis with us runs for 1910-1920 at about 136 (adjusted) but with 
all the smoke and dust Pittsburgh shows only 106. The disadvantage 
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TABLE VL (Figs. S, ?.) 

Diseases OF tde Heaei ajstd CiEcciAirioK, Seuvous Diseases, Pkeitmosia 
All Forms. Specific Death Rate per ipo.ooo Pupi:latio« 

IN PtTTSBTIEOK, 
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. . . ---- 94-5 

2tJG.7 
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95 

. . 9*7 
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303 _2 

96 
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303.3 
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1 . 
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132.; 

233-4 
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3.. 
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1(k].3 

264.1 

4^^ 
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0’ ■ 

.135 8 
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6., 
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338.3 
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. .I22J1 

146.8 

^57 1 

8.. 
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=38-7 

9 

__ _ _ 119.3 
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33.“t-8 

to. 

*142.7 

1275 

3‘S‘7 

11. 

_ ,126.6 

115-r 

1159.8 

13. 

---- 156 7 

1233 

261.1 

13- 

.. ... 159.2 

113 6 

2S3-5 

14 

. -..145-6 

ioS-3 

351-3 

15 

.. . -- 150 ^^ 
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252.6 

t6. 

. ,,181.4 

IIO.I 

143-7 

17 

. . i74-«> 

141.2 

257-7 

iS 

..184.0 

145 9 

669,6 

19 

. ...157 3 
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. ., .., 164.1 
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21. 

- .j5?.8 
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387.1 

22. 

- 1737 
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of 3tJ pG^ ccnL ts agiiiiist fiostoii. CJu-T rale for cancer and niHlsgnafit 
tuniDTS is also pe^B^steIlt]y higher, even after adjostnicnl. than Pitts¬ 
burgh’s. It would be unreasonahk to suppose that no such differ¬ 
ences in tlie reported rates properly adjusted represented any real 
differences in die relative frequencies of the causes of death in differ- 
cni places; but it vrould be equally unreasonable, we believe, to hold 
that aD such differences represent precisely the true relative state of 
affairs and it is for this reason that we have preferred to disaiss in 
a general way some of the items which seem important in getting a 
fair notion of the situation regarding pneumonia in Pittsburgh. 
Progress is made by the study of exceptions as well as by invest^- 
tion of the usual condition; the condition in Pittsburgh is so excep- 
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tional that such work as the lldbn Institute did should be contmued 
intensively until a correct scientific understanding of the real citises 
of the esceptionally high pneumonia death rate in Pittsburgh has 
been obtained and may be made the sound basis for practical steps 
to ameliorate the situation. 

19.-The question will be asked: How do wt estimate the appor- 
tionments of the various causes in making up for Pittsburgh a pnfti- 
mooia rate 50 per cent, in excess of Boston's and increasing relative 
to it The answer can be little better than guess work. We men¬ 
tioned an estimate of not more than ^o per cent, as due to race 
(mostly negro) and sex distribution; this leaves 30 per cent, for 
other causes. The mortality of labor and the unhygienic housing 
conditions ought to alfect not only the incidence of pneumonia but of 
otlier diseases. From the U, S. Mortality Rates, 191(^19^0. we take 


die adjusted figures for 

Boston and Pitlshiirgh 

in jgio 

and 

and 

averse them. 
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74 
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17 
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Of these causes 1, 3, 3, 4, 5, 7, 8, 14, 16 seem to be those which 
should be influenced most by mortality of less immune pcqjulation 
and close personal contact under unhygienic conditions (influenza is 
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omitted as possibly to be conltised with pneuntoula); the total con¬ 
tribution in Boston is j+i and in Pittsburgh 338 , an excess of 11 per 
cent. Let hs assume that a similar percentage would hold for pneu¬ 
monia for tlie same causes, (The conclusion is of course largely 
guess work, particularly in view of the undistributed causes in No. 
ig.) Added to the prerious 5 per cent., this makes 25 per cent, 
though the question must dearly arise as to why conditiotis should 
be getting wonse as compared with Boston. 

As to the effert of hard conditions of labor the list of diseases 
gives little or no information. It seems impossible to venture any 
estimate, even so tentatively as in the other cases. In fact it might 
well be included in the previous figures 1 let us allow 5 per cent, and 
increase the 25 per cent, to 30 per cent. There remains 20 per cent, 
to Ite coveref] by smoke and dnst on tlie one li&nd and systematic 
diirerences of diagnostic classification on the other. So far as we 
can judge these are the two causes that might most easily he cumula¬ 
tive or progressive in their effect, and we bear constantly in mind the 
necessity of explaining not only an excess but an increase of that 
excess. In the absence of any adequate statistical data we may 
blame the 10 per cent, on smoke and dust« and 10 per cent, on 
diagnosis," We do not desire to stress these estimates, and m fact 

» An ifltcfisificatiffli of industry should, cn the smolte and dust theory, m- 
crease the pMumonia rate and even a continnadoii of living m a smoky 
atroospltere, provided more smoke is eonslantly inhaled than he dmuMted, 
should, as sufsutEd, increase the rate at least up to a slatwrocy condiUon, 
There are evidences that the rate is hishcr in old dlies than in ecwcr ones. 
An eminent health official who has worked in Oevelaud remarked to us tliat 
now that city is nearly as «n<*y as Pittsburgh and ventured the suggestion 
that the pneutnoitia rale there should also be high, tt is not: the mean for 
lfiio-ip» (with adjustmcni for iplB) only 143 - But Cleveland has been 
increasing rapidly in its mdustrial dcvclnpment and 3 S a mutter of fact lii» 
been moving sharply against the general slow downward trend of ptimraona 
mortality in the original registration rtat». For the decade aevetad's t^d 
was -1-7.8 (>.5 per cent.) and therefore comparable witli Piltsburgh s. This 
suggested an examination of the figures for Detroit where the automobile in¬ 
dustry has expanded w rapidly, The mean for the decade is 166 and the 
trend -I- 54 ( 3-3 per ctm-). TTiis son of analysis is suagestive hot Kiilesa 
very extensive and carefully controlled with production figures U hardly more 
than suggestive; a careful conlmued stndy of the physical, physiological, and 
epidemiological situation in one conmiuuity might show a great deal more. 

« Since the statemem by Dr. Fulton about the pneumoma obsession m 
Chicago, above cited, was made lioii: f), considerable time has tiapMd. It is 
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give them mainly to stress the impciitance oi prtjperly analyzing the 
different factars and to emphasize our opinion that such an analysis 
on far more substantial basis than is apparently yet available is needed 
before the problem of Pittsburgh's pneutnonia rate can he solved. 

20, On April I, 1934P pneumonia became notihahle and quarantine 
able in Pittsburgh^ It notification is reasonably complete and if 
qnaratine leads only to supervision of the cases by the City Health 
Depart nient even without effective isolalion we should in due time 
he in possession of valuahle staEistical material for a continuatSon of 
this study/- There may^ however^ come in a great complication in 
the matter of diagnosis. Quarantine^ even the mildest, is not welcome 
and the inclination in cases of doubt, which are inany, may be to 
avoid the decision of pneumonia when some non-repoTtable, non- 
quarantinable disease may equally well serve. This is suggested in 
no spirit of criticism; there need he no conscious effort to hide pneu¬ 
monia and no sudden change, but an unconscious trend more or less 

intcre^titigf ip obiErve that the mcau pneumonia death rate in Chicago for 
the dce4ide igio-igao wns 183, lint iHih tlie reFnarkably iharp downward trend 
of — ?j 6 (4-^ (Mr cent,). The adjn^ticd rate for igao was nniy slightly above 
(5 per cent.) die crude rale, wheresa for tgio the adjusted rate was mudi 
higher (ifi per teuL)« The trend was calculated froni the crude rates (U« S. 
Mnmlity Rates, igio-ig^o, p, 367) and wpuld probiLbly have been larger if 
ralcuEated from adjusted rales. What has produced this sharp decline? Is 
the medicaE prufessiOn in Chicago recovering ftam au obsession or did the 
pneumonia death rale really drop irom arinnnd 10 around 150, and if so, 
why? fi-hfrffd in Prmf- As bearing on the possibility of over-crediting ptieU' 
monia with deaths^ wc may merttSon that in another industrial cotnomnity wilb. 
a vtr>' high paieinxufHua rate as rcp 4 Drted there litas been ami still continuing on 
investigation by some of our clinical arvd experimefital staff who are apparently 
finding that tliere ha<i been in dial cuininmiity a pietinionia obiiession iind that 
the ]1 timber of deaths really eLut tn ]iiiieii¥ia;]nia is decidedly leas—hut the rOiinlt!!) 
are ttot yet ready to publish.] 

[Added in Proof. Rcsiilis of value all already hcconrinK available. For 
the lour mntiths, April-Julyn igii wfi have 

Ufbaj Piiffiiiiiimm nran^ha PnemMoift 


Ca*M ...361 j jg *40 tKj ibg roi 63 34 

Deaths..^,.. 1B6 it8 £16 4^ 64 45 3a 33 

Fatality.... .. S 7 % 47 % 7 ^^% +S% 


The case fatality mtes are exceedingly high and the officials are apfslrenLly get¬ 
ting Very EftHHl case reparting. The matter is further discussed by Dr Vaux In his 
recent aitidc cited in Note 15.] 
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steady {^'itness the sharp trend of the recent past from undefined 
to lobar pneumonia throughotit the registration states). If a radical 
change of the trend of pneumonia mortality takes place in Pittsburgh 
in the few years, its causes must be analysed impiiTtially if they 
are to be of value in our true understanding of the wa^s of this 
prevalent disease which lays such a heavy band upon our popula¬ 
tion, which without warmog cuts off so many useful lives^ and which 
with cancer and the organic heart diseases offers such a challenge to 
the medical and public health professians. 

VL SUMMAFV- 

sr. The death rate from pneumonia (all forma) m the lO original 
registratioti states of igoo has remained stalionary or declined slightly 
during the period r^cxs-igao; in the Gty of Pittsburgh the rale, 
starting at about the general level, has risen until it is higher than in 
any other large city* Such a situation calls for a critical studv- 
With the aid of figures from the reports of the U. S. Bureau of 
Census and additsouai figures furnislied m a most obligingly co¬ 
operative spirit by Uic Health Department of the Gty of Pittsburgh 
under Dr, C, J, Vaux, tJie authors have set forth in detail the 
couT^ of mortality from pneumonia in Pittsburgh for the 21: years 
1900-1920 and in a cursory way for the 50 years 18^3-192^; they 
have also made comparisons with other districts. 

On this statistical background are discussed the various sugges¬ 
tions that liave been made to account for Pittsburgh's exceptionally 
high and exceptionally increasing rate, namely, the race and sex 
distribution of the population, the unhygienic housing, and the severe 
labor conditions in the city, the importation of labor into the city, the 
excess of smoke and dust due to the great induslrial activity^ and the 
possibility of a tendenc)" to report pneumonia ns a cause of death 
relatively more frequently than is customary elsewhere. It is he- 
Ueved tliat all these factors probably contribute to Pittsburgh's excess 
mortality^ from this disease, hut it is difficult to admit that the race 
or sex distribution of die population are becoming progressively SO 
much more unfavorable and the labor conditions or housing situa¬ 
tions are so rapidly worsening as to aiford a rational explamtiori for 
any considerable part of the increase. It seems highly probable that 
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smoke and dust may art acaimiilatively so as to produce not otdy 
an extess death rate but an increase in ir, continuing possibly even 
after there lias been some improvement in the oootrej of the smoke 
and dust nuisance. It seems also highly probable that there is a 
tendency to report pnciimoma as a cause of death somewhat more 
freely than elsewhere* diSerent habits in reporting from time to 
time and from place to place are not onknown^ and indeed are un¬ 
avoidable^ 

No satisfactorily sure conclusions can, however, be reached as to 
the cause of Pittsburgh's excess mortality from pneumonia or its in¬ 
crease without a prolonged carefully controlled scientific study of all 
phases of the situation^ social, statistical, and in particular physical 
and physiotogicat. The situation is had that it h to be hoped that 
any efforts of the Departmeni; of Health of the Qty of Pittsburgh 
to dcsil w^th this problem will meet cordial support; but until the 
proportionate utBiiences of the various causes have been ascertained 
all palliative measures must be tentative and their results critically 
examined. Insofar as tlie hiatter is one of industrial hygiene, as it 
seems in uo small measure to be, it is iniportaui to have the active 
cooperation of the industry^ in studying the condition and in combat¬ 
ting it, and it is probable that rational efforts of the industry would 
be repaid not only in ci^^c betterment but in lessened costs of produc- 
tioru 

Hahv^vhd School of Pnatxc Hlacth, 

Boston, 

April, 


INDEX 


A 

Addrcs&t aimtiaJ, of PrCiidodt, v 
Allen, Charles it, clecteil Lo mcrpliar- 
shipr vi 

, mheriianoe by tetrail siba in 
Sph^ocarptis, aaa 
Amcndmcntiii ailupKaJ, T-yi 
Ames, Hertnan mnemdin^ die fed¬ 
eral constitututti, V 
Andrews, Chaa. McLh^ elected to meni' 
bcfshtp, X 

AngpIL, JanLcs Roland., dpctcd Id 

[QCiribcfiship^ X 

pamphlet, authorship of^ 

I 

Autiodi. cfaaliec of, 

Atoms, periodic table of, xii 
Atonement, vicarioiiSp xl 

B 

Bacteria^ lummons, and Mies, x 
Balder and the golden a^c, ix 
Bantfngp Frederick G-, awarded John 
Scott Medal, xiii 

Bateman, Hanrj'^ elected to meinber- 
shipp X 

Baths, effects on man. It 
B atitr, Louis A x cartlf* magnetic aiul 
dcctric heldSn xl 

Bniett. H. C, efeefs of baths on man, 
iv 

Dazzoui, C. imder voltage ancas m 
gases, xii , , , * 

Benedict, Francis basal nwbihol- 
tsm of girls, 35 , sd 
Blakesice, Albert Franelii tfeclcd tn 

mc^CTship, X 

BoaSi Fram, speaker at sj^mposnim^ 
riii 

Bodinc, J. H.+ tempcmtnrc and rate of 
dcveloptncnt of nrtlioptcra, x 
Bonaparte, Pitnte Roland, deceased, 

, , , , 

British colonies, acqinsition oL t 
Bniab^ Charles F., trew experimcnlji 
in graritarion, 57.^ 

BuraSt Ketrin, rebitirity and solar arc 
linci, xh 


C 

Campbell^ W. W.^ elected vice prKt- 
dent^ tx 

Carhop dioxide excreted by nane 
ihtCi xi 

Carson, Hampton Ln^ elected rice 
piiisidesit ix 

CoHoitif Wm. awarded John 
Scott THfrlal , xiUi 
Comoblc plants, Tsriarrts in, vi 
Collitz, Hcnoami, Balder aod the 
g^den age, \v 

Commercep ohstaclts to htternaiiofBitT 

Y 

de CcBOStaut, d'Krtpinntdl^, deceased, 
xiv 

Constitution, amendioj? the federal^ 
hit V 

Crew, Henry, elected ecumciltcr, X 
D 

Dablgten, Ulrich, ?^Tnbiotic lumLnouT 
bacteria, and x 

Ekmkh dialect of Bomholm, igo^ iv 
DavtSf Bradley Moore, CEnothera nco- 
Ivanmrkiana, vi 

Davis, John Wiliam, dented tn mem- 
bership, x 

Depth finder, sonu;, i34i 
Detwcilcrp SamT tran&plantntipn 

of spin^ conlt xl 

Dnnn, C^hDh elects la immsbcr^hip, x 
E 

Earth, magnetic and electric fields of, 
xi 

F^hpsc, solar, of I9 ^p 

EddingtCfO, A. the inlenor of mri, 

XIV 

Eigcnmami, Carl H-, fiishes U5cd 
against yellow fever^ iyfi, xi 
Electric conducting net works. lyi, xli 

F 

Fauuol life KmtM, vii 
Farrand* Livingatocn, elected to mem- 
berihip^ x 

Federal ConatitulLCMi, provisioo far 
omeixlifigp 6^, v 


317 


31S 


INDEX 


Fiiilfy, JcAin H-, hioKraphkHl ^trce 
of l^te ex-Fre^kJ^t WiIsot^ m, i 
pTTiTilftfniaija.. djociitiion off in 


KofciJd, Cliiis. A., elmcil to ntembcr- 
shipr ^ 

Kraintfr, Henry, dcMScfl, xi-v 


G 

Gambetta, pl}as€d af life oi* xt 
Gfljes-,. liiMlfir Toltagc- airs in, 
GildcrslfCTc, Elasil L, deceiMd. iii 
Girb^ basal mctabolLsni ol, 25 ^ xi 
GoldcnwciMir, Alocamder, are the raoes 
of Tfiait potentially equal, 21Vllt 
Goodspecd, Arthur W., dected mone¬ 
tary, is 

Granger. Waller, laamal U£e ioncs. vii 
GravTtiitioM, new experirtienta iUd ^ 


L 

LarutuajPT, the sdcntisl and an iriler- 
oatiooBlt 162, V 

Lc Conte, Enbu. G-, deceasedd wv 
lecture, the Friday evening, m 
Leu 5 ehnH, Arman O,, elected 10 meni' 
berEhap^, X 

Leverett, Frank, elected to nKiutaer- 

deflect cons in sun's gravilatian 

field, xii r, , . 

Unsdbach, Wm- E., derted council* 


H 


HaH* H. W., arc the raets of maTi 
potentially equal, ao8, Triti 
Hsa-per, M- A, variants in ecenohac 
planfi. vt 

Bfnipt, Lewis iL, obstades to antcnia- 
ticfflal EaiMJinercc, v 

Haiipt, PanI, vtcariana atoncmenl, xi 
Hayes, Harvey C-, sonk depth fiaarfej-. 


nt 


134 , XI 

Hays, I- Mink, authorstip 
arvnnyniou 5 pairmhlet* i, v 

Hazen, Charles DciWTicr, elected lo 
metnbershap, vi , 

—, phases of life of Samhettii, xt 


I 

Inheritance in SpharocarJ^fis^ 22a 
Insulin, dercloptnent of, id ^ 
loniacation, problems oli xili 
Iron litteB^ ’«^ve-kngthfi in vaecKiii 
are, lii 


J 

Jackson, A. Y. Williams, fate of snul 
in Manachfleism, n." 

Jacobs, M. H-, penneahiUty and cell 
reaction, v 

Jayne, Henry T aPairep meinonaJ tah- 
Id to, s'ii 

Johnson^ Entory 1^-* nation^s prabtems 

of inmsporbtlion, l 8 , if 
K 

KelEatH Harry F^ deceased, w 
Kennelly, A_ E-, dectriQ cundiictina 
networks^ I7ti ™ 

Kent, Roland G-p the sdenlist and :ui 
intematicinid language, Ida, v 


Locb, Jacques, deceased, iv 
Guak, Graham, elected to fuember- 
ship, X 

U 

MacDougal, D. jdasmatve Uyers 
and cell walls of plants^ 7 ^p ^ . 

Man, arc races of, potentially equal— 
sympcjisiunj, Hjfl, zij 
Manidigcism, fate of soul m, W 
U^oVr S^th, denabon 0i 

Franklintanii, id . 

McColluniH Elsmcr Yerner^ awarded 
John Scott fiwdalt ^ 

Medals^ John Scott, awards of, xin 
ilemhersp aEcepring, xitp xih, »v 
Meroher^ admitted: 

Allen^ CMs. K, vi 
Finley, John H. iii 
Hazcal, Cham. D . vi 
MNchellp S, Ap Tri 
Sindair^ W- vi 
Tha>T^K Wm- Stdi^. xiv 
True, Rodney H., iii 
Vaughan, T. Wayla^, i"! 
Webster, Dani l-i iv 
Memhers ekecaied: 

de Cotisbint d'E^nmclies, xiv 
Gildcrslreve, Basil I™, iii 
Kdlar* Harry B"., ly 
Kfuemer^ Henry, xlv 
Lc Conte, J^ohL G., xiy 
Lqchp Jacques, jV 
Nkhcils^ Ernest Fox* xih 
Piersol, George ArthuTp xlv 
Sadtlcr, Sami P.. m 
Stevenson, John J^, xiv 
Wilfpn, Him Woodrow, iy 
Woodward, Rob"t S.+ xiv 


INDEX 


319 


MemJicrs elecl«i: 

Alien, Oi^jles E-, vi 
Andrevta, Chari ch Mel^ x 
Angel], Jamcj Rolarui, x 
Bittcmatt, Harry, x 
BLakesIce, Altjcrt FraiK3?i, x 
Daviiri Jokn WSUiani, x 
Dimn^ Cano, X 
Farnind, Livangston^ x 
Haien, Chas. D-, vi 
Kofoid, Qss. X 

Armin 0 *t ^ 

Leverett, Fr^nk, x 
Lusk, Grahaitt^ x 
Mcodetihall, Cbas. E*^ x 
Mitchell, S, A+ vi 
S^nclai^^ W. Jr, 

Stuckard, Chas. R.* * 

Thaypr^ Whl Sidney, x 
Vaughan^ T, W^lattii, vi 
WtMcr, Clark, X 

MendcnhalL Oias, E., elected to 
Tncrnberilupn X 

Miller, DaTl'tnn Ct visnbjc sofund—^Fri¬ 
day evening Iccturt, tx 
Mnier, John A., elected ix 

--—(yn solar edijMC tti iii 

Minntes^ ili-xiv 

Mitchdl, Sr A^ elected Ip mtanher-^ 
ihip, vi 

Modjeski, Ralph, aurarded Jotta Scott 
rcb^l, xiii 

Morris, Roland S-, addras on pras; 
cntaticin pf Jayne mecrwrisiU vn, vni 

-, remorks nn lale cx-Presldent 

WilsWr iv 

^^-ewbold^ W. R-, the eagle nnd the 
basket on the chalice Antioch, 
xiv 

Nichols, Ernest Fox, deceased, xm 
O 

Obimary notices, iii, i 

tEnotlaera nH?o-Lajiiarkiana, vi 

OSkem <dectcd, ix-s: 

Orcodone bedi. White river otigocenc, 

94 

Orlhopteri. rale of develornueil, x 
Osbom, Henry Fairfield, deeted vice 
prEsident, tx 

P 

Pamphlet, audiorshir of an anonyni- 

014s, I, V 

Parker, Geo. H., cxcrttlon CO; by 
frng nerve fibre, xi 

^2 


Pearl, RayntflfsdH cun'c of {topulatkm 
fjmvrtitt lOf vii 

Permeability and cell reaction, v 
Picrspl, Ge^^- Arthurp deceased, xrv 
Plants, action and arraJigemcnt of c^tl 
walls of, 7S, vii 

Plants, plisniatic layers and cell walls 
nC vi 

Pneumonta in Pittsburgh, syg, v 
Population^ curve of growth ofp lo, ya 
Priix, Eli Kirk, elected treafrurer, jx 
Primrose, evpiir£, inlieritcd factor in, 

vi 

PriiHi^ John Dynelcyt the Barnholm 
dialect, iv 

President, annual address ofp t 
R 

Race^ oi non, are they potentially 
equal, 215 

Retatj^nty and shift nf solar are lines, 
xii 

Riddle, Oscar^ sex, right and left sides 
nf hinf's body, xf 

8 

Sadtlefp Sanil P^ dEceased, iii 
St John, Qiarles Er, exploring the 
solar atmosphere, xii 
Santa Cntr bedi^ of Patagonia, Cauia 
ofp vit 

Scott, John, tnedalfi and premiums, 
awards of, xiii 

ScoEt, Wnx clciaied president, ix 

_, faima of the Santa CnK beds of 

Patigonia, vii 

5ex, right and le^t in bird's body, 15J, 

xi 

Shull, Gta. H-^ inherited factor in 
evening prfmro-'ier vi 
Sinclair, Wm. J-, dccted lo member¬ 
ship, vi 

—fauna, orctsdane beds, ^\^^ite 
river oligoccne, 94^ rii 
Suifiiii Allen J., cm insulfn, ill 
Smyth, H. O.^ problcrrtJi of ionbation^ 

xii 

Snyder^ Monrd^ pEriodk table nf 
atoms, xii 

Solar atmosphere, xii 
SphtFrflcurpt^s, hdieritancc iUp aaa 
Spinal coni, transpl amation ofp xi 
Stani, the iiiTErior of, xiv 
StevensoUp John J-, deceasedp xiv 
Stockard, Chos^ IL, elected to mcm- 

btrshiiip X 


320 


index 


StfatlDiv S, dented coundltor, y 
Symposiinn—are ±lic r^nea of nmn po- 
tenlially equal, 215, viil 

T 

Tetrad inheritance qC, ti 
Thayer, Wm. Sidney, etccti^ to mem- 
bCTihipf ac 

Totnanek, Ewald and Wilimii, Edwin 
Pneumonia in PUtHtnirfEh, v 
Traiisportatimi. nation's probtcni qU 

l 8 , Y 

Trmnpler, Robt. G.* light defiectiods 
m sim'« gtaYtlatJon f^d« xii 


Vaughan^ Vitltrr eleclcd HJrtndUor, 

X 

Visible snimd. illustrated, %x 
W 

WiUon, R B., and Tomanek, v 

WELsoo, Wm. dected curator* ix 
Witsofi. Hcna. Woodrow, bas rdief in 
braaae, iv 

-, hipgraplucai noti^ 1 

-, deceas^ hr _ 

-^ ohitnary natict, iH, v 

Wlsslcr^ Oark, deoted to membership, 

X 

White liver oligocene, fauna of, vii 
Woodward, Raht. S., deceased, liv 


V Y 

Vaughan^ T- W'ayland, elected to ' Ydlow fever,^ fishes ubhI against, 33b, 
membership^ tI ad 


OBITUARY NOTICES OF MEMBERS 
DECEASED. 








OBITUARY NOTICES OF MEMBERS DECEASED. 

WOODROW WILSON." 

Ev JOHN H FINLEY. 

Marth 

The author of the " History of the People of the United Staples 
states With a touch of satire that when Washington had said farfr- 
well to his officers in New York and was on his way to Annapolis 
tn resign his commission as Commander-in-Chief ot the Army, The 
American Philosophical Society at Piiiladelphia turned from the 
consideration of learned papers ou Improved Methods for Quilling 
the Harpsichord and Observations on the Torporific Eel to pay 
botnage to die great chief. SOp this body, which has the marks of 
immortality upon it and h not subject to the vicissitudes of rtior- 
pauses at the passing: of another Americau Conimandcr-m- 
Qiief—one who has been a leader in the greatest war the world has 
ever known—turns from the consideratiem of more profound sden- 
ti6c subjects than those of a century and a half ago, to pay homage 
to one wlio has rejigned his commission Into ihc liands of Deity as 
a soldier who fought a good fight and kept the faith—^Woodrow' 
WilsoUp the historian who both wrote and made histurj^ 

I was several years ago very unexpectedly called upon to ^y a 
word concerning him at a public dinner given to him, when he was 
Governor of New Jersey. Having hut a little time before returned 
from abroad, I had to say that I had not before met Governor" 
Wilson, but I added that I bad acquaintance W'lth President 

Wilson of Princeton University and that I had knowm welt and had 
unbounded admiration for Professor Wilson as a teadier and asso¬ 
ciate. So t find myself, tonight, kd to speak of the inan, the Lcacher 
and the scholar, philosopher and member of this Society, Woodrow 
Wilson, at whose feet I sat as a student at Johns Hopkins Utii- 
versitv' where he was a lecturer and at whose side I sat as a pro¬ 
fessor at Princetem University. F am perhaps disqualified by this 
relationship to speak dispassionately of hun, hut you will be able 

ili 
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to deiermifK^ the coefEcient of expansion in my cstimaie and make 
the alloivance For the warmth of my expression. But I should by 
his own standards be pcrinittefl to speak of him even in this waji 
for as he himself said; " the truth cannot be told by a dispassionate 
annalist/’ Moreover, T have his authority for departmg^ from 
a chronolo^cal arrangement, for " the best arrangement, he said, 
'* is always that which displays not the facta themselves, but the 
subtle and else invisible forces that lurk in the et-ents and in the 
minds of men.*' Thus with his own warrant, 1 begin as did Dante 
with hia master Virgil, " nel mez20 del cammin di nostra vita," for 
we were at the very midw'ay of life when I came to know him 
whom I can fitly characteriae as Dante did V irgil, as the ' well- 
qjiring from which such copious floods of eloquence have issued. 

The best picture of him in those days was one that he uncon¬ 


sciously made of himself when describing Walter Bagehnt, whom 
lie called a “ literary politician '* and of wham he said: *' You 
have in him a very superior species of the man thoughtful, full of 
manlv straightforward meaning, full of knowledge and a con¬ 
suming desire for it, . , . genial withal yet with the geniality of a 
man of ivit and alive in every fibre of him with a life he can com¬ 
municate to you." Though he had the visage of a Covenanter and 
a grintaess when his face was set rvith some fixed purpose of his 
mind, it became the most kindly of countenances when lighted in 
public discourse or in private conversation witli a friend. He could 
jest (and he was full of jest and joke) "to your instruction and 
beguile yon into being informed beyond your wont and wise beyond 
your birthright,” Young men were setjed with a thrill of expectancy 
w'hen be entered to begin a lecture. His charm was enhanced by 
the rugged lines of his homely face. 1 spoke a few nights ago with 
a young man in his thirties who was a Princeton student in the 
days when the " Quad ” system was being discussed with acrimony. 
He and his companion, opposed to President Wilson's plan, went 
to a meeting at which he was to speak, vowing to keep themselves 
beyond the influence of anything but cold facts. The President 
made a speech which was devoid of any concrete facts, but the 


whole audience was lilted to its feet by his simple convincing presen¬ 
tation of the case—so the student testified. 
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If Woodrow Wnson were ^^ked to justify himsdi, in omitting 
the mention of facts—I once hea-rd him defend an overstate¬ 
ment — he would answer: ^*The facts do not constitiiEe the truth. 
The truth is ahstTuct, not concrete. It is the /iijt idea, the right 
revelation of what things me^n.'^ No inventory of items^ he con¬ 
tended, would even represent the truth. Thej*' might even obscure 
it. Tlie true teacl^ert the true leader, as the true historian "works 
always for the whole impression/' This w^as what he was saying^ 
of the historian, at any rate, back in the nineties, when the stndenta 
were crowding his courses as the pupils of Abelard flocked to him 
out in the desert where he built an orator>^ of stubble and estab^ 
lished the School of Paraclete. And was this not the explanation^ 
in some measure at least, of Woodrow Wilson^s failure to carry 
his supreme polices ha^dng to sit down day after day with concrete 
facts, witli an inventory of items w^hich obscured by their number 
and complexity the great truth he w^as tndng to express couceming 
the relationship of naticns in the salvation of the earth ? 

Back in his lihnirj% he wrote before the days of hts political 
activity could even have been dreamed of: " The ordinary literary 
man even though he be an eminent historian is ill enough fitted to 
be a mentor in affairs of goveniment."* For/' he added, ** it must 
be admitted, things are for the most part very simple in books and 
in practical life, very complex. Not all tlie bindiugii of a library 
inclose the various worid of circtimstance." Nevertheless, it i^vas 
to such ^ man that the practical politician did go, but fetched him 
away from his Mbraiy’ into the forum wdiere politics gained a 
profoimd expounder ’ivho was no politician.^' And the literary 
man had to put away some of the things that were so simple lu 
books. The author of “ The State ” and the historian of the United 
States, the writer of “mere literature” and the critic of ‘'con¬ 
gressional Goverument"' found himself the Chief Magistrate of 
the greatest of States and in the world and for a time as l^tiis 
XIV, the State itself^ and the virtual dictator of the Congress of 
w^hich he had w'ritten in his learned doctor’s thesis. No one ever 
came better prepared in a know'ledge of political theory into the 
Presidency. He was so great a master of his subject that he could 
take liberties ivith it. He could, to borrow' his own language, " slap 
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his propositions on the back and be hail fellow well met with them. 
But with all his obvious effort, he could not be hail fellow well met 
with the people themselves^ though no one coaid converse with more 
charm. 

If 1 wtrt to imitate Plutarch and tr>' to bring nut the distinctive 
character of one by comparison with another, as Aristides with 
Marcus Cato, I ^oiild most naturally speak of Grover Gevelnnd 
and Woodrow Wilson, who by a singular fortuity were both near 
to me. though not near to each other. Going to Princeton one 
night in 1899 as a joiirtialist to bear Mr. Qeveland lecture on the 
Independence of the Executive, I met my fomer teacher, Pre^ 
lessor ’Wilson who had long before introdiiced nie to Mr. Qevc- 
land, was told by him of a new chair of politics. the first in America, 
that had been endowed and was ashed whether I was willing to 
accept a nomination as Us first encumbent. I had thus the oppor¬ 
tunity in the few^ years that followed to knavr these two great men: 
Mr. Gevdand in his very fiber a democrat, believiiig the peoplCi 
instinctively sy^npatlietic with them, deriving his doctrines not 
from books but from his contacts wdth men. little acquainted with 
books—a little stispidous ot words; and Mr, Wilson as complete a 
demticiat tn his philoaophy. He was intellectually a devout disciple 
of democracy. But he learned it by the tuitions of his mind and not 
of his heart. And he had one of the greatest of minds to teach him. 
He once said: His mind is a great comfort to every man who has 
one,"* In his own. he had supreme comfort and complete confidence. 
It equipped him of its tuitions by the hard crystallisation of years 
of study to instnict the mind of the world and enabled him to 
stand " as a distinct and imperative individual among those who ex¬ 
press the worId*s thought." Ag an expounder of government^ he 
sought and found his materials far and wlde^ "^standing with the 
poets as well as lawgivers,*’ There is more of a nation^s politico 
to be got our of its poetry^ than out of all its aystematie writers upon 
public affairs and constitutions. Epics are better mirrors nf manners 
than chronides: dramas oftentimes kr you imn the secrets of statu¬ 
tes; orations stirred by a deep energy of emotion qr resolution, 
passionate pamphlets that survive their mission because of the 
direct action of their style along permanent lineg of thought, con¬ 
tain more history tlian parliamentary pampldets.** 
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He contended, in the face of ihe scienti^ and his stitdy of form 
and stTUCttire, that it was not knowledge that moved the worlds but 
ideals, convicticina. the opinions or fancies which have been held 
or followed. So+ though he studied the anatomy of g'Qvemmeiit and 
knew it as thoroughly as any doctor of science studies and knows 
the human frame, which he himself in his dying words likened to 
a piece of machinery^ he was ever practicing the “ vivisecrioo of read¬ 
ing literature to acquaim himself wdth the ^irit that made use 
of the machinery^ of govemmcuL But he never knew the roughs 
narrow-ranged comradeship of those who are at the fotuidaLtons of 
democracy^ on wdiose minds and hearts its safety in the world de^ 
pend-s. He was m the world and the most potent man in it for his 
day, hut in a sense he was not 0/ it. 

Bui it was this very detachmcrit—the medimtion apart—which 
made him as a voice of one coming out of the wilderness and crying 
across the earthy in every comer of which he was heard. Yet he 
realized as he said in his address at Lincoln's birthplace, that the 
hopes of mankind cannot l>e kept alive by words merely, that they 
must be transmuced into the life and action of society; but after all 
they must first have a voice. In the beginning is always the w^ord. 

It was Wilson s w ords that after all got things done in the war- 
Many of us w^ere impatient w ith his notes " and there were some 
of these notes that would better never have been written. But it 
ms ultimately by his messageSp crowned with this immortal quality 
of ecstasy, that hU own people were assembled into the defense of 
world freedom and the nations that sat in darkness brought to see 
“ a great light a.5 In his Flag Day Address in 1917; 

For us there is but one choice. Wc have made it. Woe be 
to the man or group of^ men that ^eeks to stand m our way in this 
day of high nesolulion. w^hen every principle w+e hold dearest is to 
be ^dnclicatcd and made secure M the salvation of the nation. We 
are ready tn plead at die bar of history and our flag: shall wear a 
new lustre. Once more wc shall make good, ivith our lives and 
fortunes, the great faith to which we were born and a new glory 
shall shine in the face of tlie people.'^ 

The spirit that had became fleshp again became spirit in the words 
that again and again stirred people to an exaltation, ^uch as in 
Eum exalted the whole nation, 
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JeEerson had written on hi^ an inscriptiofi telling not what 
the people had done for tdm, but what he had done ior the people. 
There 15 no mention made of his having been Governor of Virj^nk* 
Secretanr' o£ State, Vke-President or President of the United 
States. What he seemed tn wish remembered was that he was^ as 
it is writtini, the author 01 words—author of the Dedaration of 
Independence and of the Statute of Virginia for Religious Liberty 
and the Father of the University of V^irginia. Two of his three 
great comrihutinns were of w^ords merelyp hut they were the pre¬ 
cursors of independent natinnal life and iTeedam of w^nrship. 
Woodrow^ Wilson will be tememhered long after his name becomes 
bttt one of n hundred or hundreds in the lengthening list of Presi¬ 
dents’ names, as the author of words upon which the nations hung— 
words that caused the millions to pause in tlieir fighting and which 
became the basis of the parky of peace—^words w^hidi framed a 
covenant for the “ enduring peace of the w^orld. They are only 
wordSp but they carry an exalted hope of humanit}' and must some 
day find their guerdon in deeds. 

He wrote a Calendar of Great Americans back in those days^ when 
he was a historian and teacher and essavist. He excluded from this 
list several great men bom and bred in America who were not after 
all Americans: Hamilton and Madison whom he regarded as great 
Englishmen born in the New World, John Adams and Calhoun great 
provincials. Asa Gray and Emerson who might have been native 
to any clime and JeiTer5^ii and Benton who were of mixed breed, 
one permeated by a strain of French philosophy and the other a 
“ pompous antinomy/^ Marshall and Webster were^ however, dis- 
tinctly American, viewing the fundamental law as a great ** organic 
product ** as 'iveU as a charter of authority. But he put first as a 
sort of multiple American the founder of this Society, Benjamin 
Franklin, a man possessed of the American speech and vfith an 
iinmistakeable touch of greatness and distinction."^ Then he named 
Washington who hardly seems an American as most of his bio¬ 
graphers depict him. who w^as. however, as thoroughly American 
as Jackson who came into our national politics like a cyclone from 
off the Western prairies," nr LLncoln the supreme American of our 
history/^ But when Professor Wilson wrote this calendar (which 
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included Clay. Grant and Lee; Sam Houston and Patrick Henii^ and 
in letters Lowell and Curds, but no one in science) and prophesied 
that many types of Americanism would rise out of its multiform 
life, he could not have suspected that his o^vn name w^ould ever he in 
the political list of great -Vrneric^ns even i£ he dared to hope that 
some dav that name mi^ht 1 m put with those of Lowell and Curtis 
in letters or amting the great historians wdth Greene and Gibbon and 
Carlyle and MacanJay (at all of w-hose doors he knodied when in 
search of a master)^ or even with the wnriters of mere literature. 

This passage from his own writing not only show s how* intimately 
acquainted he was with varied immortal fonns^ but also illustrates 
with W'hat ricli fabrics he could clothe his thought on occasion, w^hen 
at other tim^, with like arti he used the simple stone; 

"Who shall say how much of Burke's splendid and impressive 
imagery' is part and stuff of his thought or tell w^hy even that prarT 
of Newman's prose w'hich is devoid of omuraentp stripped of its 
shining skin and running bare and lithe and athletic to carry* its 
tidings to UTen, should promise ta enjoy as certain an immortality? 
WTiy should Lamb go so quaintly and elaborately to vrork upon his 
critical essays, taking care to x>erfume every sentence, if possible, 
w'ith the fine savor of an o!d phrase^ if the same business could be as 
eflfectively doue tn tlic plain and even cadences of ^hfatthew 
Arnold's prose? Why should Gibbon be so fotinab so stately, so 
elaborate when he had before his eyes the e>:ample of great Tadtus, 
wiiose direct ii^ntcntious style had outlived by so many hundred 
years the very language in wOiich he w*mtc ? ” 

And yet he was always depicting himself + in a semi-political ser¬ 
vice, as I have intimated, in w*hat he has written qf odiers* notably 
Bagehol and Burke back in die nineties or late eighties! "Occa¬ 
sionally,” he said, “ a man is bom into tlie world whose mission is 
to darify the thought of his geaeration and to vivify it, to give it 
speed where it is slow^ virion wdiere it is blinds balance ivhere it is 
out of poisCp saving luimor w*hcre it is dry. Such a maUp" he added, 
" was Walter Bageliot/* Such a maa/^ with oalj die slightest 
change of phrase w*e should say was Woodrow Wilson.’’* For 
a day in the world's history, the thought of this generation was 
clarified bv him. For a day he vivified the souls of men. For a 
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day there was a vd&bn glorious before tbe eytb of the natiotis. And 
if he seemed not to give speed by bis “watchful waiting/' we may 
recal] the words of -Mr. Choate back in April 1917: 

Some of us tliought the watchful wailing would oever cease. 
Eut now WE see what the President was svaiting for imd how wisely 
he watted. He was waiting to see how (ast and how^ far the Ameri¬ 
can people would keep pace with him and stand up to any action 
he proposed.^" 

It is not for me to appraise his politkal achievement. His place 
among outstanding Presidents is beyond challenge. He became a 
member here as a teacher, a scholar, a political philosopher, a his¬ 
torian and it IS as a teacher, a scholar and a political philosopher and 
historian that I think he would wish to be remembered here. If he 
had not come into the Presidency at a most critical time in the 
w^orld^s history^ he would yet have had rightful distinction as a man 
of letters. His fehow's in letters had long before he became Presi¬ 
dent elected him fo membership in the American Academy of Arts 
and Letters, as you into this eminent society of pliilosopbers. His 
art had prepared him againfjt oblivion, even though it could not have 
given him as a mere men of letters a world audience. He had lived^ 
as be said it behooved all mi nor authors to live^ conscious of die 
risk of being discovered some day. He had already been discovered 
and had come into the small major group of his day in letters before 
he came into the still smaller major group of the world's statesmen. 

If the touchstone of what an English es-sayist calU " fine ” litera¬ 
ture and what Mr, Wilson called ** mere literature or “essentiar' 
literature be the presence of " ecstasy —^the voice ivhich tells us 
distinctly as Mr. Wilson doess. that man is “not die creature of the 
drawing room or the stock exchangep but a londy^ awful soul con* 
fronted by the source of All Souls—then does Woodrow Wilson 
become a real man of letters^ He came in his prime as if bom into 
the world for the ver>^ missiont as a teacher of citizenship in the 
world which humanity has made. 

For he was first and last a teacher, I-Ii& officers were incidental 
to his task: they were his rostrum. He inaugurated the preceptorial 
system at Princeton, but he was not a preceptor, sitting down by the 
side of the individual like Mark Hopkins. He taught the multi- 
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tudes. His chair as that of Abelard was an “ oratoryHe spolce 
as One haviTijf authority* from a platform, a littfe above those whose 
minds be would inflaint. This was his method in political as in 
academic life. He mstrttcted the many by letter and by speech out 
of the loneliness of Ids own thinking. He came finally to lecture to 
the peoples of the earth on planetary jnrispruden-qy^ from the great¬ 
est chair of intematioisal relations ever established in oiir univer^. 
As Benjamin Franklin at the end of his varied high public occupa¬ 
tions wrote himself down in his last will and testament, *'* Benjamin 
Franklin, Printer ” so the best epitaph for Woodrow Wilson though 
he had held the highest political office in the United States and the 
foremost place for a time in the sight of the nations, would be, 
** Woodrow Wilson. Teacher.'^ 

And (to quote Pericles) ^'with slight change be has re¬ 
ceived the grandest of all sepulchres.** Not that where I saw his 
body laid, but *'a home m the minds of men, where his glory re- 
niain^i fresh to stir to speech or to action as the occasion comes h^K 
For the sepulchre of famous men is the whole earth; and their 
story is not graven on stone over their native cajlfat but Uves on 
far away, without visible symbol, wroven into the stuff of other 
men^s livea**' 
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Stated January 4^ 

WiLLiAi« B, ScoTTp ScD,, LL.D,, President, in the Chair, 

Dr. Rodney H. Tme. a newly elected memberjr subscribed the 
Laws and was admitted into the Society- 

The decease was atifinpnced o f Dr, Sanincl P - Sad tier,, Ph.O_, 
LL.D.t at Philadelphia* on December 20^ I9^3t 7^- 

Dr. John A. Miller. Director of the Sproul Observatory, Swarth- 
more CoUegep read a paper entitled The Solar Eclipse of 19^3^ as 
seen at Yerbanis, Mexico, by the Sproul Observatory Expeditbop” 
illustrated by lantern slides, which was discussed by Prof. Snyder. 

The dates of the General Meeting uf 1924 were fixed for April 
24, 25, and 26, 

Stated Meeting, February /. 

William B. Scott, Sc.D.p LED,. President, in the Chajr. 

The Chairman of the Library Committee called special attention 
to a ’^'aluable donation by Mr. William Smith ^Ia£on> of Evanston, 
Illinois^ of 64 volnmes and 4 psinipliJets of Franklinianap for which 
the Society voted a resolution of appreciation. 

The decease was aimotinced of Basil Lamtcati Giklersleeve* LL,D,p 
Litt.D., at Baltiinorep Maryland, on January g, 9-- 

Dr* Allen J* Smith. Professor of Pathology at the Gnivemty of 
Pennsylvania, read a paj^^er on “ The Development of ItisuUn in the 
Treatment of Diabetesp'" illustrated by lantern slides, which was dis- 
cussed by Doctors Keen^ Goodspeed, Smith, and Keller. 

Stated Meeting, March 7 , ^9^4- 
William B- Scott* Sc.D.p LL.D.* President, in the Chair. 

Dr. John H. Finley, a recently elected tnember, subscribed the 
Laws and was admitted into the Society. 

zs 
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A bas-relief in brotise of President Wilson, a recent purchase o£ 
the Cctmtorj was presented. 

The decease Tfl-aJa atinounced of 

Ham KcUrr. B.S., Ph.D., Sc.D., at Philaddphbp on Feb- 
ruar}' 5, 1934, ^et. 62, 

lacqnes Locbp M.D., Ph_D., Sc:.D_p at HaruillDn, Bemiuda, on 
Februai^’ li» 19:24^ ^ 5 - 

Horn Woodrow Wilson, at Washington p D. C* on Febmary 3, 
1924, ait. 68. 

Dr. John IL FkJey, Associate Editor of the N€W Vark Times, 
and formerly Professor of Politics at Princeton University:, presented 
a biographicaJ notice of Ex-Prcsident Wilsonp a deocasiMi member of 
this Society; after which Mr. Roland S. Morris. Ambassador to Japan 
during the Administration of President Wilson^ made some reinaiks 
on the former PresidenL 

Stated Geft^rai Meeiing, AprU ^ 4 . ^ 5 > ^9^4- 

Thursday Afternoon, AprQ ^4, 

OpBjfing Session, ^ o’dock. 

Hamfixin U Caesox, LLD_, Vice-Presidentp in the Chair. 

Prof. David L, Webster, a newly elected metiiher, subscribed the 
Laws and was admitted into the Society. 

The death was announced of Prince Roland BonapartCt at PlariSp 
France, on April 14, 1924. 66. 

The following patjers w'ere read: 

“The Fate of the Soul of the Elect in Manichacistn,'' by A. V, 
Williams Jackson, A.M., L.HD., LL.O., Professor of Indo- 
Iranian Languages, Columbia University^ (By title.) 

“The Bornholm Dialect of Danish/' by John Dyneley PiinDe^ 
BA.p Ph-D.p Imvoy Extraordinary and Minister Ptenipoten- 
tiary to Denmark, (By title.) 

** Balder and the Golden Age/* by Hermann Collitz, A.M., Ph_D,^ 
Professor of Germanic Philology, Johns Hopkins University. 
“'Some Effects of Baths on Man." by H. C Bastett, B.Ch. 
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(Oxon.), F.R.C.S., M.D., Professor of Physiology, Udver- 
sit>' of Peimsylvania- (Introduced by Dr A. C- Abbott.) 

" Differential Permeability and Cell ReacUon,” by M. H. Jacobs, 
Ph.D,T, Professor oC General Physiology, UnKersit^^ of Penn- 
syh^a. (Intruduced by Dr. A. C. AbbotL) 

Pneumonia in Pittsburgh,^^ by Eimld Tonianek; MXI., and Ed' 
win B. Wilson, A.B„ Ph_D., Harvard School of Public Health. 

"The Amending Provision of the Federal Constitution in Prac- 
tice/" by Herman V. Ames, A.M.. Ph D., Professor of His- 
toiy% University of Pennsylvania. 

“ On the Authorship of the Anonymous Pamplilet Published in 
Ijondon, in 1760, Plndtled ‘ The Interest of GneELt Britain Con¬ 
sidered with Regard to Her Colonies/L Minis flays, 
A.M., of Philadelphia. 

The Nadon's Transportation Problem,^" by Emoiy R. Johnson, 
Litt.M., PbJI>., Sc.D., Professor of Transportation, University 
of Pernisylvania^ whicli was discussed by Mr, Carson. 

" ObstEcles to Intematioi^l CommETce/' by Lewis M. Haiipt, 
ScD., LL.D.* of Philadelphia. 

“ The Scientist and an International Language/' by Roland G. 
Kent, AAL, Ph D., Professor of Conipamtive PhilologVi Uni- 
vcrsit)' of Pennsylvania^ (Introdnoed by Dr, McDaniel.) 

Friday;^ Af>ri{ 

ExfOfiwc Session^ lo o*dock. 

WiLLJAM B. Scott, Sc.D,, LI-D., President, in the Chair^ 

The President delivered hi^ annual address. 

The Proceedings of the Council were submitted^ with the recom¬ 
mendation of fifteen nominees for election this year^ 

The Reports ot the Treasurer, of the Audit Comimttee, and of 
the Finance Committee were presented, with die latter‘s recummenda- 
tion of appropriations tor the year which were unaninionsly 

voted. 

The following proposed atiiendmcnts to the Laws, having been 
favorably reported by tlie Council, were unanimously adopted; 
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To Qiapliit' XL Scctlpn Si aiM: 

Ip, the ^ejection oi nnpikwftt for pricsMiiiii Officers and CouiTcillors tbr 
eral dcFHrttddt^ of scicnEC shaD be rr^xrtscptHi so far as practkable* and d±K 
ConsiideralkHni sball be g^iven to RcoErapbical locstvoo so as to jnx^erve the na- 
tioiial (Jiafitcter of the Society.'^ 

Id Chapter XI insert the followbi^ new sections: 

•* AJ1 stBnding Commiltccs shall htiM staled mcrtnigs at least three times in 
the year.** 

^ All Boards of Officers and Cannnitteei shall keep regular Tmnutes of their 
proceedings which shall be ifi the cuitody and Eire of the AssisLant Secretarr^ 

“ No iadebtedness shall be incurred for whkh there has nut b«r an appro¬ 
priation prcvicnfily madei mr Bball any indebtedness be inorrred or bill approved 
for taymcnt c^stept by a duly rciordrd vote of the comniittec coiiccmctL" 

fi?r jm'm(7 Scsswn^ io:jo 

WiLLtA;iT H. Scott. Sc.D., LL.D.p President, tn the Chair. 

The following recently elected members isuhscribed the Laws and 
were adnutted into the Society j 

1 \ WayUinci Vaugliati 
W. J. StTKlair 
Cliarles E. Allen 
Sx A. Mitchell and 
t^rles D. Ha^en 

The following jiapers were re-ad: 

" Inheritance by Tetrad Sibs in Sf^harn^oirposf* by Charles E, 
AUcHp rh.D„ Professor ol Botany, Columbia University. 

"‘The Beliador of Oenothera firo-LffiitnrcAwjio in Sdfed Line 
through Six Generations/’ by Bradley M, Davis, A.M+i Pb^D,p 
Professor of Botany. University of Midiigan. which was dis¬ 
cussed by Professors SHnlU Davis, and MacDougal, 

Types and Variants in Certain Coenobic Plants/' by Robert A. 
Harper, M-A.+ Ph.D., Professor of Botany. Columbia Uni¬ 
versity. 

“ A Second Independently Inherited Factor in the Evening Prim¬ 
roses {Oemthera)*' by George IL Shull, B.S.* Pti-D,* Pro¬ 
fessor of Botany and Genetics^ Princeton University^ which 
was diiiCiLSsed by Professors Scott* Davis, and Shull. 
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" Arrangement and Action of Material in the Plisinatic Layers 
and Cel] Walls of Plants," by D. T, MadDougal. M.A.. Ph D., 
LL.D., Director ot DejiL of BotaniciJ Research, Carnegie In¬ 
stitution. which was'disensstd by ProfessoTS Scott and Shnll. 

“ The Curve of Population Growth." by Raymond Pearl. Ph.D., 
ScD„ LI,.D., Professor of Riometry and Vital Statistics, 
Schiml of Hygiene and Public Health. Johns Hoijkins Uni- 
versitv, which was discussed by Professors Brown, Pearl, L, 
M, Ilaiipt, Kennclly, and Hobbs. 

Faunal Life Zones of Mongolia—Jurassic tn Upper Plioorne,’* 
by Mr, Walter Granger. Palaeontologist of the Third Asiatic 
Expedition, of Aiueriran Jltiseuni of Natural Ilislory- 

“ Fauna of Lite Santa Cruit Beds of Patagonia." by William B. 
Scott. Ph.D., Se.D„ LL.D.. Professor of Geology, Princeton 
Unrvctait}'. 

" Fauna oi the Concredonarj' Zone of the OreDdon Bed^v of the 
While Kiver OligocenCp” by W. }. Sindatt, Ph.D., Assistant 
Professor oE Geology. Princeton Urut-ersity. 

Afirrmon Sesiian, ^ clock. 

WiLLtAB! B. ScotTh Sc.D., LL,D** Prcaitlent^ in the Oiair* 

A bronze memorial tablet of Mn Henry LaBarre Jayw. isi^ho was 
for many years Treasurer of the Society, wtis placed on deposit here 
bv the JavTie Memorial Committee, ^fr^ Poland S. Morris, in mak¬ 
ing the presentation, spoke as foUows: 

Wc have alt known at least once in oiar Uves persons whose spirituat qnalihK 
pive oii a present sense of their ImmortaJity. They associate with us in ihc 
daily tasks of tbh material world t they share with aiogular aympathy and in¬ 
sight the achievements aint frnitratititii which is the esperimet oE all of us and 

lo those who are privileged to know them they convey a feeling of strength 
and penmanciice which is certain to persist beyond a world of chaniinijg appear¬ 
ance. The passing of such vivid per&onalitiei beyond otir itulerial vasiuti tally 
servei IQ cmpbasiie in us the oonvactloii of ihrir conrumed spiritual cxistnicc. 
In the ancient words of the Latin liturgies wc fe^ that they are bom into the 
belter life;* of whkii their life on earth was hot a jM-omisc and a preparation. 
Bcnry LaBarte Jayne was such a persotiaJily. He loved this world, its bcau^. 
iu pcrilcms possibilities; its baffling mysteries. This love ftnaid otprcsskai in 
a lifclcmE intent in every rorin of art whidi sought tmthfully to in™ld m 
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imperishable forttia die eturivc spirit of hcmtjr the and comedy of 

huin^iTi ciperience or the nipiralJon of the smils of man. 

He IovhI the riches of the imtid and always thought of himseH ^A^tlh char- 
acteristk modesty as a private enlisted for life m the adveoturons search for 
tnitk Above all he laved his fdlow-iMan with an almost rdigious passidn and 
pa trcmian sQul was an alien to his hroarf and geawroiis .sympaihies. 

But it wa^ his truly sparittial insight which gave to these aEectkwis and to 
the I^rscinality whkh cmihed them that sense of his Gominued ptesaioe whkh 
we feel today. 

How natnral—how mevitahin—that wJien he left m in the bod? hts 
friends, should 5«k to lind some ™terial express iiaa of this ojntinued presence 
in dur lives. Thus sptsftLiiieoiisly a ffronp of his fellow-citizens^ repfcsentative 
of the varied intRresta bt ail active life organized the JaVne MEStoarM- Fukd 
to hdd if I may m express it, something ot hk spirit for the generattpns to 
eomPp who knew him not in the flesh. 

Out of this tndvemenfc grew the Ji^^ytie Memortal Lcctnies—a pcrmnniint foun- 
datioft adequately endowed designed to give each year to some leader of ihnughl 
an opportunity to present to the world the results of his researdi. We hope 
that this foundation may ever retain that spirit of tolcmuiic, liLterty and deep 
sincerhy which is assocbled with our memnry of him whiase name it bears. In 
this wuy alone can il muLtc mry wortliy enntrihution to AnHxican thnuglit. Bm 
we, his tricnds> hk associates in various EictivTties^ longed for same memorial of 
him more pcrsanal than the iouEKhttiCin could he. So we turned to a great artist 
and asked hirn to cxprcis tu brunze our meruary of hk etTr youthful vigor and 
erthtisULsm. 

It ia fitling, Mr. Presidoir. that the Trustees ni the University Exiensien 
Society sliould pkee in the custody of the AmcriraiL Philosophical Society this 
mcmarial of Qfur iriend. To the University Exlensicm Society Httyfev LaBahie 
Javne give tans pa ring ly of hk lime and strength. To the American Phili> 
sophpcal Society with its fine traditions of truth and its achicveraeiiti in the fitJd, 
of scientific research he gave aifectionatrly the riches of his creative personalily* 
leave Li your Icceping this bcantiftil reminder of him amid the metiiorials 
of the great mmd> he loved and revenmeed. In our hesirts we retain tlie 
inspiration of liis unsflfish life, of Ids inimnrtal spirit. 

" A great dtizen who gave generously of hk time, his ndents, and hk fortune 
furiune to the diftusion oC ktiDwlcdgc; ihc progress of the fine arts; the dt- 
vclopraent of the drama and the proniDtion of chic idealt/" 

The SyTnpDsium followTtl, the subject being Are the Variuiis 
Races of Man Potentially Equal?" Tlie speakers were: 

FrafiE Bca-s, Ph.D., LT,,D., SeJD., Pryfeiscir of .AnthropDlqgy, 
CohiruHia t University. 

IL U. Hall, Curator General Ethnolq^y, University Mihseiun, 
University of Penney Ivania. (Iiitnwiueed by Dr, llurilon.j 
Alexander GoWenw^ei^er^ Ph.D.p I'tofessor of Amhropolftgy* 
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New Sthool (or Social Research, New York City, {IntrCH 
dticed by Dr* Gordon.) 

There was dbcossion by Professors Scott, Conklin, Gordon, BoaSp 
and Kennelly* 

The Friday evening Lecture was by Dr. Da>ion C Miller, 
Professor of Physics, Case School of Applied Science, Gevebnd. 
who spoke on ” Visible Smind,” with experimental lllastratioiis. 

Saturday^ April 26. 

Extcufhe Stsstottf /o if clock. 

WiLUAsl B. Scott, Sc.D,, IX.O., President, in the Chair. 

pending nominations for Officers and Members were read and 
the Sodetv' proceeded to an election. The Tellers subsequently re¬ 
ported that the folloHiiig had been elected: 

Fresident, 

William B* Scott- 

Vke-Prcsidcnts^ 

Hampton L. Caraon, 

Henry- Fairfield Osborn, 

W. W, CampbelL 

Sccrelarics. 

Arthur W. Guodspecd, 

John A. Miller* 

Citraior^ 

William P. Wtlsrm. 

rrra,Tiirm 
EH Kirk Price. 
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Councillors. 

(To seme for 3 years.) 

Heirm Crew, 

S. W. Stratton, 

W* E, Ungelbach, 

V. C. VaugharL 

Msmbcrs. 

Charles McLean Andrews, A.M., Th.D,, L.H-D., New Haven. 
James Roland AngcD, A.M,» Utt-D,* LL.D., New Haven. 

Harry Bateman. M JV., Ph.D,, Pasadena. 

AD^ert Frands Blakeslee, A.M., Ph.D.. Cold Spring Harbor, 

John William Davis. A.B., LL.D.. New York. 

Gano Dunn. E£., New Vork, 

Livingston Farrand. A^M^t Ph.D., Ithaca, N. Y. 

Charles A. Kofoid. A,M„ Ph.D., Berkeley. Calif, 

Armin O* Lcnschner, A.B,. Ph_D.. SclD., Berkeley, Calif. 

Fmnk Leverett, B.Sc., Ann Arbor* Mich. 

Graham Lusk. AM.* Ph.D., Sc.D^ New Y^ork. 

Charles E. Mendenhall, B.S.* Ph O.. Madison, Wis. 

Charles R. Stockard, M.S.. Ph-D.* New York. 

William Sydney Thayer, Baltimore. 

Clark AVissler, A.M., Ph.D.* New Y^ork. 

Mortiing Session, 

WiiiiAM! B. Scott, Sc.D., LL D., President, in the Chairn 

The fallowing papers w^ere read: 

The Effects of Temperature on the Riate of EmbTyonk De¬ 
velopment of Certain OrthopleraJ' by J. JL Bodine, A.B,* 
Ph.D., Instructor in Zoology, University of Pennsylvania. 
(Introdnccd by Dr. McQung.) Discussed by Professors Ptir- 
ker, Dtavis, and DaWgren. 

" Symbiotic Luminous Bacteria as Used by Fi^ies/' by Ulric 
Dahlgren. A.B., M.S,j Professor of Biology, Princeton Uni¬ 
versity. 
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“ Transplantitions of the Spinal Cord* by Saniiiel H. Detwiler, 
Ph.D., Assistant Professor of Zoology, Harvard University. 
(Introduced by Dr. Donaldson.) 

“ The Fishes Used Against Yelbw Fever in Colombia,*' by Carl 
H. Eigtnmann, A.M., Ph.D., Professor of Zoology, Indiana 
University. 

» Xhe Amount of Carbon Dioxide Excreted by One Centimeter 
of Frog Nerve Filler,” by Geoi^ H. Parker, Sc.D., Director 
of Museum of Comparam^ Zoology. Harvard University, 

*' Sex in the Right and Ijeft Sides of the Bird's Body.” by Oscar 
Riddle, Research Staff, Carnegie Station for Experimental 
Evolution, Cold Spring Harbor, (Introduced by Dr. Eigen- 
maun,) 

“ The Predictioo of the Basal Metabolism of Girks ” by Francis 
G- Benedict. Ph.D.. Sc.D., Direaor, Nutrition Laboratory of 
the Carnegie Institution. 

*■ Some Phases of the Life of Gambetta,” by Charles Downer 
Hazen, Ph.D,, I-H.D., Utt.D., Professor of History, Colum¬ 
bia University. Discussed by Prof. Scott- 

** Vicarious Atonement,” by Paul Haupt, A,M-, Ph.D., LL.D., 
Professor of Semitic Languages, Johns Hopkins University, 
Discussed by Professors Scott and Haupt, 

Aftfntopn St'sshftj ^ o'clatk. 

WiLLiA^t W. Cawi-hell. M.S,. Sc.D., LL,D.. Vice-President, in the 

Chair, 

The following paiiers were read: 

'‘The Sonic Depth Finder," by Harvey C. Hayes. PhD., U. S. 
Naval Experiment Station, Annapolis, (Introduced by Mr. 
Bryant,) Discussed by Professors Haupt and Haj^. 

” Some New Exiieriiuents in Gravitation ” ( Fourth Pajier), by 
Charles F. Brush. Ph.D-, Sc,D., LL D., of Cleveland. 

" Further Results Concerning the Earth's Magnetic and Electric 
Fields," by Louis A. Bauer, C.E., M.S., M.A., PED., Director 
of die Department of Terrestrial Magnctistii. t^megic Insti¬ 
tution. 
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minutes. 

“ Abnormal Under-voltage Arcs In Gases," by C, B. Bazzoni, 
A.M., Ph.D., Prtjfcasor of Experimental Physics, and Mr. 

T. T. Lay, Research .'^ssodate, Univeixity of Pcttnsylvaaia. 
(Introduced by Professor Goodspeed.) This was discussed 
by Mr. Smyth. 

" Application of Positive Ray Analysis to Problems of Ioniza¬ 
tion." by II. D. Smyth, Ph.D., Research Fellow, Princeton 
University. (Introduced by Professor Karl T, Compton.) 
“Some Properties of Simple Electric Conducting Net Works," 
by A. E. Kcnnelly. A.M., Sc.D., Professor of Electrical Engi- 
neering, Harvard Hnivcrsitj'* 

“ Wave Lengths of Iron lines in tlie Vacuum Arc." (By tide.) 

■* On the Shift of the Solar Lines Predicted by the Theory of 
Relativity," bv Keivin Burns, Ph.D., Astronomer, Allegheny 
Observatory- (Introduced by Dr. H- D. Curtis.) Discussed 
b)' Professors St, John, KenneUy, and Bams. 

On the Light Deflections in the Sun's Gravitational Field." by 
Robert J. Trumplcr. Ph.D., Assistant Astronomer at Lick Ob¬ 
servatory. (Introduced by Dr. W. W, Campbell.) In 
Tnitnpler's absence Dr. Campbell presented the paper, which 
was discussed by Professors Shapley and Etsenhart. 
"Exploring the Solar Atmosphere," by Charles E. St. John, 
Ph.D., .\stronomcr. Mt Wilson Observatory. (Introduced 
by Dr. John A. Miller.) Discussed by Dr. Burns. 

"The Present Periodic Table uf the Atoms," by Monroe B, 
Snvder, Director Emeritus of the Phihdetpbia Observatory. 

Spea'iil Mectrnff, ^fay A ^^^4- 

WitLiAM B. Sconr, Sc.D,, LL.D,, President, in ilie Chair. 

Pursuant to the call of the President a Special Meeting was held 
for the award of the John Scott Medals and Pretniums by the City 
of Philadelphia through its Board of Gty' Tmsiees. 

Acceptances of Membershiii were read from 
Mr. Gano Dunn, of New York, 

Dr, Livingston Farrand, of Ithaca, N. Y. 

Mr, Frank Ltverett, of .Ann Arlior, ilich. 
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Dr. Wiiliiuii S. Thayer, of Baltimore. 

The decease announced of Ernest Fpx Nichols, D.Sc., at 
Washin^on, D. on April 29, 1924, a-L 55. 

The a\Fard of the John Scott Medals and Premiums \^'as made to 
die following: 

Frederick G, Banting, M.D.p Pliysioiogistp of London, Ontariop 
who in 1920 and 1921 succeeded in prepariHg a potent extract 
of the experimentally atrophied pancreas; a condition pro¬ 
duced by ligating the pancreatic duct. The injected extract 
increased niaberiatty the life of depancreati^ed dogs by en^ 
ablir^ them to retain larger amounts of sugar* In these re¬ 
searches there were associated witii Dr. Banting, Doctors J. J* 
R, McLeod, Best, and Callip. 

William W. Coblentz, Ph,D., Physicist of the U* S* Bureau of 
Standards, for his unsurpassed skill in the design and con¬ 
struction of theimopiles and radiometers of the highest sensi¬ 
tivity' with which he iias actually measured the radiation of 
the fainter stars. 

Elmer Vemer McCollum, Ph,D,^ Sc-D^, Professor of Biochem¬ 
istry, School of Hygiene and Public Health, Johns Hopkins 
Universityp who demonstrated in 1913 a growth promoting 
vitamin in butter fatp the first of a long series of researches 
by him and his collaborators on the presence in various foods 
of other similar substances^ promoting growth and maintaining 
health. 

Ralph Modjeski, D.Eng., of New York Gty^ for his skill in 
bridge designing, having designed and bm'h the Columbia and 
Williamette River bridges in Oregon^ the McKinley Bridge at 
St. Louis, the Broadway Bridge at Portland. Oregon, the 
□terry^ Street Bridge at Toledo. He is now Chief Engineer 
of the Delaware River EridgCn 

William B* Scott, ScJ_)„ LL.D*, President, in the Chain 

Letters accepting membership were received from: 

Dr* Giarles Mcl,£an Andrews* of New Haven, 
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President James Koland AngelJ, New Haven. 

Prof. Harry Battanan* of Pasadena. 

Dr, Albert R Blakcsleep of Cold Spring Harbor, L. L 
Hon. John W. Davis. Esq., of New York. 

Prof. Charles A. Kofoid, nf Berkeley. Calif, 

Prof. Annin O. LeiL^hner. of Berkeley. Calif. 

Prof. Charles E. Mcndenliill. of Madison, Wk. 

Dr. Graham Losk, of New York. 

Dr. Charles R, Stockard, of New York. 

Dr. Qark WLssIer^ of New York, 

The decease was annoimced of the following tnembers: 

Baron d^&toumtUes dc Constant, at Paris. France. 1924. 
Dr, Robert S, Woodward, at Washington^ June 29. 1924. st. 74- 
Dt* Robert G. LeConte. al Fhilaflelplua, August 6, 1924, set. 59. 
Dr. George Arthur Ptersol, at Philadelphia. August^ 7, 1924, 
a-t. 68, 

Prnf^ John J, Stevenson, at New Canaan, Conn,. August to, 
1924. 82, 

Dr. Henr>' Kraemer. at Mt. Oements. Mich., September 9. 3924, 
art, 56. 

Prof. W . Neivbold of the University of PennsyhauLa read a 
paper on The Eagle and the Basket on the Qialkc of Antioch ” 
which was illustrated by lantern slides, and discussed h3' the President. 


Siaiird Mccling Drmnfrcr J9^4- 


Ko quotum present. 


SpectaJ Mctting^ Di^trmbcr lo, 19^4^ 


Wtlj^iAM B. Scorrr, Sc,D,, LLD., President tn tJie Chair. 

Dr. WiUiam S. Thayer* a newly elected member subscribed the 
Laws and was admitted into the Society. 

Prof. A. S. Eddington. of Cambridge,^ uitroduccd by Prof, 

j. A. Miller, read a paper on “ The Interior of Stars.” Distus^ by 
the President* Professor Russell and Dr^ Miller. 
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**A book that is shut is hvdQ hlad^' 

^^AEOLOg/^ 

^ GOVT. OF INDIA 

Depaitmcat of Aichflcology ip 

new DELHI. 






■ . i> 

I 9 # 

Jr 

•i: s 


» 

’^1 


help tiB to keep the book 
clean and moving- 


T4i.PI«DEtKU 






\ V ^ 

^ 4 












ir 






K ^ ■'* 


♦ J 




-fe 







